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PREFACE 
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trastive Project in the autumn of 1974 under the supervision of Jaakko 
Lehtonen, to whom I am most grateful for the many stimulating discussions 
I had with him during the planning of the experimental procedures and for 
the numerous theoretical and practical suggestions which helped me to 
avoid many errors that would otherwise have been conmitted. Of course, 
I am solely responsible for the remaining ones. 

I also wish to thank Aritta Gods, Hannele Junni and SiniWca Rouhiainen 
of the University of Jyv^skyia for their invaluable and willing help in 
solving many practical problems involved. My sincere thanks are also due 
to my Finnish and English infomants. 

I do not find it possible to specify in detail the iJimense influence 
of Kalevi Wiik's profound scholarship on my phonetic thinking. Hofiever, 
among the nore tangible aspects of this teacher-student relation are the 
many discussions we have had about the theoretical interpretations of the 
present report, especially those concerning the /fortis/'/lenis/ distinc- 
tion and the theory of markedness. Kalevi Wiik and Ilkka Raiino, with their 
wide knowledge of the phonetics of both Finnish and English, have helped 
me, through many discussions and valuable remarks, to relate the results 
of the acoustic analysis to the physiological mechanisms governing voicing 
and aspiration, although it is for me to take full responsibility of any 
misinterpretations. 

The original report, which now appears in a slightly modified ver- 
sion, was presented at the University of Turku as my licentiate thesis in 
January 1976. Since then,. I have received valuable comments and criticism 
from Pertti Hum\e, Antti livonen, Jaakko Lehtonen, Michael Pickering, Ilkka 
RaijTO and Kalevi Wiik. However, the present version has not been revised 
according '.o these suggestions (which I consider for the most part correct) 
rather, they will be of great assistance in planning the future directions 
of the investigation, 

I am grateful for the financial support X have received from the Uni- 
versity of JyvSskyla and the University of Turku. 

Finally I should like to thank Jaakko Lehtonen and Kari Sajavaara for 
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not least, Aija Saario for typing the manuscript. 
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INTRODUCTION 



GENERAL R^CKGROUND OF TFE STUDY 

It is well known to anyone involved in teaching English to Finnish 
students that it is difficult for Finns to distinguish between English 
/ptk/ and /bdg/ and that, in addition to minor phonetic mistakes, many 
phonemic ones occur, both in production and in perception.* Phonologi- 
cally, English /ptk/ and /bdg/ can be described to differ from each other 
with respect to one Cclassificatory) feature expressing the ^kinimal dis- 
tinction" e.g. /fortis/-/lenis/, /voiceless/-/voiced/, or the like. In 
contrast, there is phonologically only one full series of stop consonants 
in Finnish, usually denoted by /ptk/. In addition, there is /d/, the /voiced/ 
(see for example Wiik 1965: 116, note 7) counterpart of /t/, but with a 
distribution limited to word medial position only. Thus, considering also 
the fact that in most dialects of Finnish /d/ is not realized as a voiced 
stop it seems reasonable to assume that a voicing correlation does not 
exist for speakers of Finnish; rather, the /voiced/ feature of /d/ should 
probably be regarded as an idiosyncratic property characterizing that seg- 
ment only. 

On the rather abstract level of contrast ive phonology, then, the dif- 
ficulties facing speakers of Finnish (and also their native English lis- 
teners) can to a large extent be predicted on the basis of the differences 
between the sound systems of the two languages. According to the theory 
of transfer and native language interference, the difficulties of the Finn- 
ish speakers are caused by the lack of the corresponding distinctive op- 
position in Finnish between the two sets of stops. On the phonetic level, 
however, the relations obtaining within and between the two languages are 
more complex, and the phonetic features are not always deducible from the 
phonological ones. Thus in actual speech the opposition between English 
/ptk/ and /bdg/ is signalled by a combination of several phonetic (articu- 
latory and/or acoustic) parameters, \^se relative iiT5X)rtance varies ac- 
cording to context. It is conceivable, although not necessarily true, that 
this makes the task for the Finnish learner even harder as he has to learn 
a number of contextml allophonic rules (to the extent that they are not 
universally constrained), rather than a single combination of perceptual 

V For the terms "phonetic" and ''phonemic mistake" see Wiik 1965: 16-17. 
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cues valid in all environments. Most of the phonetic features used as 
cues in the English /pt]c/-/bdg/ opposition also occur in Finnish, but 
without any distinctive function. Thus the Finnish stops /ptk/ may be 
partly or even fully voiced, they may have different degrees of aspir- 
ation, frictional noise etc. Some cues, e.g. variations in the durations 
of ^ sound segments, are used for different purposes in the two languages. 
In Finnish, (apart from any variations caused by extralinguistic factors 
such as speech rate etc.) duration is mainly used to signal syntagmatic 
relations Jsuch as the division of one phonetic segment into one or two 
phonological ones) and not for segmental information as in English. 

To sum up, it seems that ( leaving the marginal Finnish /d/ aside 
for a moment) the situation corresponds roughly to Wiik*s (ibid:20-21) 
"difference 5 a", a relational difference with sounds contrasting in the 
target language (i.e. [p-b], [t-d] and [k-g],, respectively, in English) 
but phonetically similar sounds being in free variation in the native 
(Finnish) language. 

This study is an attempt to obtain more concrete knowledge about the 
ability of speakers of Finnish to use the various perceptual cues con- 
nected with the /ptk/-/bdg/ distinction in English. Apart" from the rather 
general and abstract observations of the kind mentioned above such knowl- 
edge is as yet mostly lacking. At this initial stage the linguistic ma- 
terial focused on is necessarily very limited and the conclusions arrived 
at on the basis of the results are valid only with the appropriate reser- 
vations. Similarly only certain aspects, i.e. a number of tenqwral rela- 
tions obtaining in the productions of English stops by both native and 
Finnish speakers will be concentrated on. In Chapters II-XV* the emphasis 
is primarily acoustic, and the results of the experiment will be pre- 
sented in acoustic terns. The rest of the report is devoted to an attenpt 
to interpret the results of the experiment on a higher level in the light 
of articulatory and other physiological evidence, together with consider- 
ations of the predictions of the markedness theory. The latter part of the 
report is necessarily somewhat more speculative in nature than the acous- 
tic part as the writer has not made any experiments of his own in this 
area. The interpretations suggested in the latter part are for the most 
part based on a reconstruction of the results of various experiments found 
in the literature. On the basis of this kind of indirect or second-hand 
evidence certain inferences about some aspects^ of the timing of physio- 
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logical processes will be made. Most pertinent here seem to be differ- 
ences in the ability to coordinate stq)raglottal and laryngeal activities, 

SOME TERMINOUXJICAL (XNS I DERATIONS 

There is as yet no general agreement about the most in^rtant ar- 
ticulatory and/or acoustic correlate of the /ptk/-/bdg/ distinction in 
llr.glish, and consequently various terns have been proposed as the most 
proper for the (class if icatory, phonological) distinctive feature, such 
as /voiceless/-/voiced/ (the Haskins group), /fortis/-/lenis/ (Gimson 1966), 
•--/tc?nsc/^/lax/^-(Jacobson-Fanr^^HallenS5S7-Chc^ 
/nonaspirated/ (Erametsa 1952), etc. The task of finding a descriptively 
appropriate designation for the phonological distinction is in this case 
especially difficult as its phonetic manifestations (both physiological 
and acoustic) differ greatly according to context. Thus, for exan5)le, it 
has been repeatedly argued (see for instance Fischer-JfSrgensen 1968: 63) 
that the tenns /voiceless/ and /voiced/ are not particularly felicitous 
as the /voiced/ sounds are in fact very often phonetically con?)letely 
voiceless, i.e. produced vdthout any concomitant vocal cord vibration 
during the occlusion. Similarly, measurements of the various phonetic 
parameters ii^Jlied by the other pairs of terms have mostly failed to 
yield consistent differences between the two sets (see the review of the 
physiological manifestations of the /ptk/-/bdg/ distinction below). 

From a strictly phonological point of view the selection of the name 
for the distinctive feature is a matter of no consequence as long as the 
two sets are consistently kept apart by the feature. From a pedagogical 
point of view, however, e.g. in teaching the language to foreigners, it 
may be helpful to choose some abstract name for the distinctive feature, 
a name that sorohow succeeds in capturing the speakers* intuition or feel- 
ing about the differentiating factor in the distinction, despite the vari- 
ability of the phonetic output forms that the distinction takes on in ac- 
tual speech and the variability of the acoustic cues used by the listener 
in recognizing it. TTiis seems to be essentially the view held for example 
by Wiik (1965 : 36) and Lchtonen (1972: 31-36), who discusses the concept 
and use of distinctive features at some length* 

In agreement with the above considerations, the designations /fortis/ 
and /lenis/ vrill be used in this report for /ptk/ and /bdg/, respectively. 
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However, it must be emphasized that this selection of the terms does not 
imply any conmitment on the part of the writer to any a pfujofii view of 
the phonetic characteristics of the distinction, it merely serves as a 
way of referring to the two natural classes of sounds. At the same time 
(and this was the main argument for not using the perhaps more usual terms 
/voiceless/ and /voiced/) a lot of unnecessary but familiar confusion can 
be avoided by reserving the terms 'Voiceless" and 'Voiced" to refer to 
physical properties of speech sounds, i.e. to the absence or presence of 
vocal cord vibration during the occlusion and their acoustic equivalents. 
Where desirable for the sake of clarity, the terms /fortis/ and /lenis/ 
.^.-^have- also been-'substitiited 'for- otheTsnised'ln~the~T^ — 
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A BRIEF SURVEY OF THE ACOUSTIC 
AND PERCEPTUAL PROPERTIESOF 
THE FORTfS/LENIS DISTINCTION 



THE OUTLINE OF THE SimVi 

In this survey of ti^:-- results obtained in the study of the acous- 
tic and perceptual characteristics of the English /fbrtis/-/lenis/ dis- 
tinction it is possible to mention only a few of the raost in^rtant 
studies. For more detailed information i especially about the pioneering 
nanalysis^^"^i)mtHe^ 
to tlie various published reviews and the references therein (see for 
exan^le Libeiman, Izigeaann, Lisker, Delattre and Cooper 1959; Libennan, 
Cboper, Shankweiler and Studdert-Kennedy 1967; Stevens and House 1971; 
Libennan and Cooper 1972). As the present study is mainly concerned with 
the differences between the cognate pairs of the English stops (i.e. with 
the factors that differentiate the series /ptk/ from the series /bdg/) 
differences due to place of articulation are dealt with only to the ex- 
tent that they are assuKd to be connected with the7fbrtis/-/lenis/ 
distinction. In connection with the discussion of the results of this 
study some more general aspects of place of articulation will be dis- 
cussed. This delimitation of the subject matter is motivated by the fact 
that speakers of Finnish have generally no difficulties in recognizing 
English /p/ and /b/ as labial stops, /t/ and /d/ as alveolar stops etc., 
i.e., they do not usually ma3ce **place" mistakes either in perception or 
in production. 

The account given by Gimson (1966: 144-62) has been chosen as a 
starting point in this brief survey mainly for two reasons. Firstly, 
Gimson 's book is widely used at Finnish universities and most students 
of English are familiar with it. The second reason is the fact that it 
is one of the few systematic accounts of the acoustic properties of the 
English stops; most articles and reports are quite naturally concerned 
with some specific aspect of /fortis/-/lenl«*/ distinction only. The sig- 
nificant phonetic features mentioned by Gims^a will be presented, fol- 
lowing his tripartite division (word initial, medial and final positions), 
together with a sketch of the results of some uqportant analytical and/ 
or perceptual studies. It may be pointed out that most of the experiments 
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discussed deal with American English whereas Gimson describes British 
English. However, it is assumed here that the possible differences be- 
tween the tw forms of English are not so great as to render this type 
of treatment unjustifiable. In support of this view it can be mentioned 
that Gimson is referring to the same or similar studies. 

THE WORD INITIAL POSITION 

It may be noted in passing that the necessary distinction between 
word initial and utterance initial positions has not always been con- 

-sistently-maintainedr- Ginsonr'howg vei ' , i e f ers''5pecificany^o"Word^- ' 

itial position. 

According to Gimson (1966: 149), /ptk/ may in any position be dis- 
tinguished from /bdg/ acoustically by means of a low frequency com- 
ponent in the latter, i.e. voice. Another cue supposedly equally capable 
of signalling the distinction in all positions is the more marked rising 
bend of the first forraant (Fl) of the adjacent vowel in the case of /bdg/. 
However, noting that /bdg/ may often be completely voiceless, Gimson states 
that in these cases they are distinguished fn?m /ptk/ initially by the 
con^aratively weak burst of noice associated with the release stage and 
by the absence of aspiration that characterizes the latter series. 

Lisker (1957: 42) states that in word initial position aspiration 
is the most prominent cue for the /fortis/ series (it may well deserve to 
be mentioned here that Lisker hr^c repeatedly refused to accept the terms 
"fortis" and "lenis", instsi^.^. insists on the use of the tems "voice- 
less" and 'Voiced"). Similarly in Delattre's (1964) list aspiration is 
ranked as the strongest cue in initial position. Later Lisker and Abramson 
have studied the voice onset time or VOT of M)rd initial stops in a number 
of languages (Lisker and Abramson 1964; 1970; Abramson and Lisker 1970; 
1972; 1975). The VOT is defined (Lisker and Abramson 1964: 422) in spec- 
trographic terms as the time interval between the burst that marks the re- 
lease of the stop and the onset of periodicity that reflects laryngeal vi- 
bration. In the case of a voicing lead (i.e. when periodicity begins be- 
fore the release) the VOT assumes a negative value (e.g. in milliseconds), 
and in the case of a voicing lag (periodicity begins only some time after 
the burst that marks the release) it assumes a positive value. Lisker and 
Abramson's main results include the observation that in English (and many 
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other languages uith tuo or more series of stops) the stop categories oc- 
cupy distinct ranges along the VC3T continuum, both in production and in 
perception, with both /ptk/ and /bdg/ normally having a voicing lag, but 
longer for /ptk/- 

The burst mentioned by Gimson has also been the subject matter of 
several studies. Halle, Hughes and Radley (1957) made the observation 
that the "intensity bursts" for /ptk/ were higher than those for /bdg/ 
in word initial position. According to Delattre (1964) the intensity of 
the noise is among the weakest of the seven factors (=cues) for /fortis- 
ness/ that he has posited. However, we are not told whether this is a pe- 
— culiaT~fe3ture~of '^he'"VDTd"*iTdtial*~position~ont/^^ 
cable to the other positions as well. 

It may be mentioned here that in the classical Haskins terminology 
"burst" often included both the fricative noise signalling the release 
and the aspiration due to a lag in the onset of vibration, and in this 
sense it can be equated with a positive VOT value. 

Recently Stevens and Klatt (1974) have reinvestigated the acoustic 
cues for the /fortis/-/lenis/ distinction in pres tressed English stops - 
They suggest that instead of an absolute VOT value the presence or ab- 
sence of a rapid spectriim change at voice onset might be the primary cue 
that the listener uses in distinguishing between /ptk/ and /bdg/. It is 
a commonplace that in heavily aspirated stops the formant transitions are 
virtually completed before the onset of voicing, whereas in unaspirated 
or slightly aspirated stops these changes occur during voicing. This cue 
seems to be applicable mainly in wrd initial and/or pres tressed positions 
where the aspiration of the /fortes/ is usually rather extensive- 
It hss been known for some tiine that the /fortis/-/lenis/ character 
of a stop has an effect on the initial pitch of the following vowel (see 
for exan^le House and Fairbanks 1953). Haggard, Ambler and Callow (1970) 
have studied the cue value of this phenomenon in word initial position 
and they report that for the majority of their subjects the pitch change 
in the vowel can cue the /f ortis/-/lenis/ distinction for a preceding stop 
consonant. 
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TOE WORD MEDIAL POSITION 

Medially, following an accented syllable the two series of stops are 
according to Gimson distinguished by the longer closure period (absence 
of energy) required for /ptk/ and by a weak aspiration in /ptk/ as against 
lack of aspiration in /bdg/. The /lenis/ series is normally voiced in this 
position. 

Lisker C1957) offers experimental evidence to support the view that 
differences in closure duration play a major role in the /fortis/-/lenis/ 
stop distinction in word medial, intervocalic position. His results are based 
on tape-splicing experiments with real -speech stimuli and they indicate that 

A-longer closure, duration is^predominantly connected with the /fort is/ 

series in perception. Similar results were obtained (through analysis) in 
a recent investigation by Suen and Beddoes (1974), who conclude that the 
duration of the silent interval is an in?X)rtant factor in the perception 
and discrimination of the /fortis/-/lenis/ distinction in word medial (and 
final) position. However, it is worth enphasiztng in this connection that 
the authors do not deal with the two positions separately; instead, the 
data for them are pooled together. Delattre (1964) says that the duration 
of silence has "medium power of discrimination", and in the Haskins rules 
for synthesizing English a longer silent interval was connected with /ptk/ 
(Liberman, Ingeman, Lisker, Delattre and Cooper 1959). It is interesting 
in this connection to note that Lisker, in a later article (1972), argues 
on the basis of his measurements that a difference in closure duration is 
far from being a regular feature of the /ptk/-/bdg/ contrast in English. 
Thus we see again that there seems to be no conclusive evidence of the im- 
portance of differences in closure duration. On the whole it is remarkable 
that the medial position has drawn very little attention con^iared to the 
initial and final positions. 

THE WRD FINAL POSITION 

Gimson states that wrd finally /ptk/ are distinguished from /bdg/ 
either by a reduction of the duration of the sounds preceding the /fort is/ 
series or by the presence of some voicing in the /lenis/ stops, or by a 
combination of both factors. 

There are few, if in fact any, areas in the phonetics of English that 
have stimulated more reseach than the /ptk/ -/bdg/ distinction, and perhaps 
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the majority of these studies have focused their attention to the word 
final position. Consequently the effect of the /fortis/-/lenis/ cJiarac- 
ter of the final consonant on the duration of the preceding vowel is well 
documented in the literature (e.g. House and FairbanJcs 1953; Ziumerman 
and Sapon 1958; Peterson and Lehiste 1960; Wiik 1965; Chen 1970). In all 
studies it has been noticed that sonorants have a longer duration before 
/lenes/ than before /fortes/. A great number of perceptual experiments 
have been undertaken, mostly with synthetically produced stimuli. Denes 
(1955) found that the relative durations of a word final consonant and 
the preceding vowel cari be used as a cue for identifying the final sound 

the consonant. In Denes' experiment the final consonant was a fricative 
but later it has been amply demonstrated that the same conclusions are 
valid for final stops as well. Delattre (1964) mentions the longer dur- 
ation of a preceding vowel as a cue for /bdg/. Ntore recently Raphael (1972) 
has come to the conclusion that preceding vowel duration is a sufficient 
(and for the types of stimuli used in his experiments, a necessary) cue 
to the perception of the /fortis/-/lenis/ character of a word final stop, 
fricative or consonant cluster. He further concliides that the presence of 
voicing during the closure period. of a final consonant or cluster does have 
some cue value, although it is minor conpared to that of the preceding 
vowel duration. 

One of the reasons why the word final stops in English have attracted 
the attention of so many linguists and phoneticians is no doubt the fact 
that it is a clear exan^le of a situation where one segment is identified 
on the basis of the acoustic properties of another. However, such a situ- 
ation is by no means unique. 

A similar relationship between word (or syllable) final consonants 
and preceding vowels has been observed for a variety of languages, and it 
is more than likely that at least part of the durational variation is con- 
ditioned by some kind of a universal articulatory constraint. Vot analyti- 
cal data in support of such view see for exanq)le Ziumerman and Sapon (1958) 
for Spanish, Fintoft (1962) for Norwegian, Wiik (1965) for Finnish (in 
Wiik^s /voiced/ category only one true obstruent is included, viz. /d/), 
Chen (1970) for French, Russian and Korean. It seems, however, that the 
prolongation of sonorants before a /lenis/ consonant is much more drastic 
in English than in the other languages, and accordingly it is most likely 
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that this extra lengthening is a language specific feature of English (see 
especially Chen 1970) . 

:It is noteworthy that apart from the observation made by Suen and 
Beddoes (1974) to the effect that closure duration is an important dis- 
criminating factor even in final position, no other references to the 
possible role of , durational differences in the silent interval of word 
final stops could be found in the literature. Experimental data on the . 
cue value of such differences exist, however, for Norwegian (Fintoft and 
Seines 1971) and French (Wajskkop and Sweerts 1973). 
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T H E P R 0 C E D U R E 0 F THE INVESTIGATION 

THE SELECTION OF INFORMANTS 

The criteria Gsed in the selection of the informants of this study- 
were to a large extent determined on the basis of the general outlines " 
of the project of which this investigation is a part. Thus it was de- 
cided that three groups of infonnants would be used, one consisting of 
native (British) English speakers, the other two groups representing two 
levels of Finnish speakers with different degrees of familiarity with the 
English language. It would have been desirable to have the first group 
dialectally as homogeneous as possible, to enable concentration tm merely 
inter-language differences. For quite practical reasons, however, this 
could not be achieved as a further restriction was iji^wsed to the effect 
that only male informants would be used, with a view to possible later 
spectral analysis of the material. Given these restrictions and the need 
of five informants there was not very much choice in the town of Jyv^s- 
kyia. However, it is trusted that the dialectal differences existing 
among the native English group (hereafter group Engt.) are not so great 
as to affect the results of this study to any appreciable degree. 

With regard to the Finnish informants the dialectal background was 
not considered iirqwrtant as the informants do not speak their native lan- 
guage in the utterances under investigation. This does not, of course, 
exclude the possibility that native language dialect could in some in- 
stances leave clearly identifiable traces on the pronunciation of a 
foreign language. Here, however, there seems to be no reason to believe 
that such effects are operative. 

Instead of dialectal background the degree of familiarity with the 
English language was chosen as the variable to obtain two groups of Finn- 
ish informants. It was decided that the first group, referred to below 
as Si., would consist of five male informants with the following history 
with regard to English: a secondary school course (7 or 3 years) in the 
language, with no later studies at a university or elsewhere. It was also 
checked that the informants had had no further practical experience with 
spoken English (to the extent that this is possible) , and with a certain 
amount of reservation the group could be thought to represent the kind 
of conqpetence in English that the Finnish secondary school can offer. One 
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of the reservations is that some of the informants may have forgotten 
some of their English v^iile others may have in^Jroved vdth the help of , • 
English films, records etc. However, testing such variables would have 
necessitated arrangements con?)letely different from the ones used in the 
present study. In fact all the informants belonging to group 51. are stu- 
dents of mathematical subjects at the University of Jyvaskyia, with some 
experience in reading professional textbooks in English but no experi- 
ence with the spoken language.. >for had they had any experience with 
other foreign languages since school. 

The second group of Finnish informants, referred to below as 52., 
was selected on the following criteria: coiT5)leted cum tmdz course in 

-English~(philologyO-^at— the--univer5ity>--Kiale-and-avai^^^ 

pus. No further restrictions were made and the group 52., again with a 
certain amount of reservation, could be considered as representative of 
the level achieved by most future teachers of English. Certain pedagogi- 
cal relations obtain between the three groups:* At a given moment, the 
gioup Engl, teach and give the pronunciation model to the group 52. who 
later teach and give the pronunciation model to members of the groiq) 5/. 
Thus the model given to the latter group is one stage removed from the 
original, and an individual student of English does not receive the auth- 
enticijnodel until at a rather late stage of his/her leamir^g process. This 
is not of course in all respects the happiest possible situation, although 
it must be admitted that many other circumstances must be considered in 
planning effective foreign language teaching. 

THE SELECriW AND READING OF THE TEST MATERIAL 

The subject matter of this report, the English stops, is very exten- 
sive and only some of their many aspects can be dealt with in a single 
study. Therefore severe restrictions on the selection of the linguistic 
material have been necessary to enable more systematic concentration on 
some of these aspects, in this case certain temporal relations obtaining 
in the production of these sounds by native and Finnish speakers, as re- 

* This observation the present writer owes to Mr. Jean-Yves Par# of the 
University of JyviskylS. 
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vealed by or deducible from the kind of acoustic analysis used here. It 
would of course be ideal to study the production of these sounds in com- 
pletely natural, spontaneous speech. For practical reasons, however, many 
coii5)romises must be made. For exaiq>le, it must be decided whether the 
sounds to be studied si^uld occur in a sentence context or in separate 
words. The fonner alternative would perhaps be theoretically more inter- 
esting but unfeasible in practice as it is normally demaiided that speech 
sounds should be investigated in the most identical environments. The 
elimination of all semantic, sentence phonetic and other such variables 
would enlarge the scope of the material under investigation to unmanage- 
able proportions. 

In~this-exper-iinent— 1^e-following~arrangement-was-usedr-the-^ 

(altogether 117 in number, see Appendix A) containing the sounds to be 
analyzed are each printed on its own card, as the middle one in the ser 
quence of three words. Thus there were 117 cards, each card containing a 
"sentence*' of three English words, with the word to be studied as the 
middle one. The words on a card do not form a semantically coherent sen- 
tence; instead, the three-wrd combinations are nonsense. However, the 
informants were instructed to read the words on each card in a sentence 
manner, i.e. as one breath group, yet with clear pauses between the words. 
Using this technique it is possible better to control the effect of the 
variables referred to above and yet avoid the use of con^jletely artificial 
nonsense words. For example, it is known that the use of a frame sentence, 
when repeated over and over, can create a rhythmic way of reading which 
can very severely distort the natural ttti$)oral relations between sound 
segments. Similarly it is kiiown that words produced in complete isolation 
are usually subject to great teii?X)ral modifications. The decision to have 
the crucial word to occur in the middle of two other, variable words was 
made on the basis of a desire to exclude the effects of higher syntactic 
boundaries on the sounds, such as the notorious "final lengthening" af- 
fecting the last syllable of a sentence. At the same tijne any rhythmic 
patterns could be avoided. 

The subject matter of the present investigation was further delimited 
in such a way that the stops were studied only in a position adjacent to 
a \'owel with primary lexical stress, with the exclusion of consonant clus- 
ters. The word structures under investigation are O/C and CVC\/, where C 
is one of /ptkbdg/ and the stressed vowel U belongs to one of the grouqps 



23 



-14- 



/tense/, /lax/ or /ae/. With this arrangement it is possible to con^are 
the effects of the stops on the durations of the different vowel cat- 
egories. As the vowels are not the actual subject matter of the study no 
further division of the vowel classes was regarded necessary. Thus it is 
possible to study the stops in word initial, medial and final positions, 
with a stressed vowel following (in the case of initial stops) or pre- 
ceding the stop. 



THE ANALYSIS PROCEDURES 



The. nqLUfxmrvt and thz ^camerttotccn ^eciuLojae^. - The speech material 
was recorded in the studio of the Phonetics Uboratory of the University 
of JyvSskyia, using an Altec 29 A condenser microphone and a Revox A 77 
tape recorder. The recording speed was 19 cm per second. 

The test tapes were analyzed by an ink-writer to vtfiich Frjflcjaer- 
Jensen's Trans-Pitchraeter and Intensity Meter had been attached. With this 
apparatus three curves were obtained, namely the "duplex oscillogram", an 
intensity curve with high-pass filtering at 500 cps, plus another inten- 
sity curve with low-pass filtering at 500 cps (for a more detailed account 
of the technical characteristics and use of these curves see for exanqjle 
Hadding-Petersson 1970: 93-97, and Lehtonen 1970: 46-47). The paper speed 
used in the Mingograph was 100 inn per second, thus giving 1 nm = 1/100 sec. 
or 1 csec. Measurements were made to the nearest 0,5 nm, representing 
5 msec, on the time scale. The time constant used for the two intensity 
curves was 10 msec., which gives an indeteiminacy in the time domain of 
approximately corresponding size. Whenever possible the actual segment 
boundaries were specified on the basis of the "duplex oscillogram'- whose 
time determinacy is more accurate. 



Tht tti^t panamtUeJU,, - On the basis of the above three recordings the 
following parameters could be measured, all expressing temporal distances 
between acoustic events: t}ie extent of voicing (EV) and release duration 
(RD) of word initial stops (plus their combination, the voice onset time 
or VCTT); the duration of the stressed vowel (VD), the silent interval (SI)-, 
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B'^ and RD of vtord medial stops; and the SI and EV of word final stops. 
It is well known that it is not possible to determine the duration of the 
silent interval of a word initial stop prcedded^byisilcoee ^{if oiilyj acous- 
tic information is available), and^ therefore only the parameters EV and 
RD Cthe latter being a measure of the temporal distance between the first 
burst of noise signalling the release of the oral closure and the onset 
of periodic vibration signalling the beginning of the vowel segment) have 
been measured. The measurement of the VD, SI, EV and RD in connection with 
the medial stops was quite straightforward,, but it turned out that the end 
of the second (word final) vowel in the two-syllable words and the dur- 
ation of the release of the word final stops could not be determined with 
-^f-f-ieient--accuracyv-and~consequently^ey~had-^o~be-^ieft^ — 
at ion. In contrast the ends of the silent intervals of the word final 
stops were always visible on the curves enabling the SI of these conson- 
ants to be measured. This happened in spite of the fact that the inform- 
ants were in no way asked to release their final stops. For exan5)les of 
the segmentations made see the sample mingograms in Appendix B. 

Tfic ^tatUtiail analy^lii, - The arithmetic means and standard 
deviations (s) given have been calculated for each group, but not for the 
individual members of the groups. Thus the means and deviations of each 
group have not been calculated from the means of the members in each group 
but from the original individual data. This means that any possible be- 
tween-subject differences within a group Have been purposedly neglected 
and each group is treated as if it were essentially honogeneous. 

There are differences in the overall rate of speech between speakers, 
and these differences naturally cause differences in the durations of in- 
dividual sound segments. In a study of temporal relations such essentially 
random variations could have drastic effects on the form of the results. 
Thus, in a hypothetical ■exan5)le v^ere the average durations of sound seg- 
ments A, B and C are, say, 6, 18 and 12 csec., respectively, for one group, 
and the respective durations for another group are 4, 12 and S csec, it 
is possible that a straightforward statistical comparison would yield highly 
significant differences between the groups with respect to each of the three 
sound segments, despite the fact that the interrelations between the seg- 
ments are in fact the same in both groups, i.e. the ratio between the dur- 
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ations of the segments is 1:3:2. If instead of the sketched procedure 
the sound segjnents were compared to each other nuXhLn the groups, it 
would be noticed that both groups express the linguistic relations in 
the saone way, i.e. the sound segments A, B and C differ from each other 
in an analoguous fashion. A method similar to the latter one has been 
adopted in the statistical analysis of this study also because there is 
no a pKZonji reason for believing that linguistic rules affecting the dur- 
ation of sound segments work on a relative rather than an absolute basis, 
and thus any kind of normalization of the data (such as using the~so-.- 
called z-points) might distort important patterns in them. Accordingly 
durational differences due to different linguistic categories have been 
compared and tested for significance by the ^-test within each of the three 
gToi4)s. In this way most of the artefacts resulting from inter- individual 
differences have been prevented from showing in the statist ical analyses. 
So for instance it has not been possible with this arrangenient to test the 
significance of. the differences in the duration of word medial stops be- 
tween the three groups Eiig£., S2. and 5/. Instead, it is possible (and it 
has been considered more relevant) to test, within each group, the sig- 
nificance of the differences between linguistically distinctive categories, 
in this case such as /fortis/-/lenis/ or /place of articulation/.^ 

^ The significance of the differences between means is indicated in the 
following way: one asterisk (*) = almost significant (p < 51), two aster- 
isks (♦♦) =» significant (p < 2i), three and four asterisks " strongly sig- 
nificant (♦♦♦ = p < li; **♦* = p < 0,5^). Lower levels of significance have 
been disregarded. I want to express my thanks to Messrs Alvar Kbppinen at 
the Institute for Educational Research and Kauko Saarinen at the Con^wter 
Centre of the University of Jyviskyia for their kind help in planning and 
performing, respectively, the statistical analyses of this study. 
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THE RESULTS 



THE PRESEriTATION OF THE DATA 

In the Tables and Charts below the effects of different phonological 
variables or classificatory features on the ten^x^ral relations of the pho- 
netic segments have been tabulated together with an indication of the dif- 
ferences of the means and their significance, as specified by the -C-test. 
Only those phonetic segjnents or parameters have been tabulated under the 
respective distinctive oppositions whose duration nas at least for one of 
the groups been significantly influenced by the opposition. Thus for ex- 
ajnple the release duration or RD of a word medial stop has not been af- 
fected by the /fortis/-/lenis/ distinction of the word initial stops, and 
accordingly it has not been tabulated under the word initial /fortis/- 
/lenis/ distinction, etc. 



THE WORD INITIAL POSITION 



Tfic iioxtU/'/izniJi/ cLUtLncZlon, - Tables 1-3 present the data on 
the acoustic segments influenced by the word initial /fortis/-/lenis/ 
distinction for the groups Engl., SZ. and ST., respectively. In Table 4 
the differences of means for each growp have been tabulated to enable 
con5)arison between the groups, although, as was explained above, it has 
not been possible to ascertain the significance of the between-group dif- 
ferences of means. In Tables 1-4 the results for the two categories have 
been pooled across the three places of productioa (labial, alveolar and. 
velar) to render a general view of the effect of the /fortis/-/lenis/ 
distinction on the duration of the phonetic segments studied here. There 
were no significant differences in the means of any of the parameters be- 
tween words of one or two syllables. 

From the Tables it can be seen that all three groups have strongly 
si^^nif icant differences in the means of all parameters (except for group 
SI. who have a merely significant difference in the duration of the folr 
lowing stressed vowel), although there are differences in the absolute 
msec, figures between the groups. However, a closer examination of the 
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fables 1-4. The effect of the word initial /fortis/-/lenis/ distinction 
on the parameters EV (extent of voicing), RD (release duration), VOT 
(voice onset tiine of the initial stop] and VD (duration of the following 
vowel). The units are izilliseconds. 



Table 1. 
















/fortes/ 
Sf 




/lenes/ 




difference 
of means 
X,-3q P 


EV 


0 


0 


325 


S8 


59 


260 


-58 


RD 


59 


17 


325 


11 


9 


260 


48 


VOT 


59 


17 


325 


-51 


66 


260 


110 **** 


VD 


144 


67 


325 


184 


77 


260 


-40 


Table 2. 


Group SZ. 














/fortes/ 


^f 


/lenes/ 
^ ^1 


^1 


difference 
of means 

p 


EV 


1 


10 


325 


79 


38 


260 


-78 




63 


28 


325 


8 


13 


260 


55 **** 


VDT 


62 


30 


325 


-76 


44 


260 


138 *♦** 


VD 


154 


64 


325 


173 


65 


260 


-19 


Table 3. 


Group SU 














/fortes/ 
^f ^f 




/lenes/ 
\ h 




difference 
of means 

p 


EV 


2 


15 


325 


34 


44 


260 


-32 **** 


RD 


34 


22 


325 


14 


18 


260 


20 ♦♦** 


VOT 


54' 


24 


325 


-20 


55 


260 


54 ♦*** 


VD 


126 


54 


325 


138 


59 


260 


-12 ** 



Table 4. Coiiq>arison of the grotps. 













P 








S2. 


ST. 


Engl. 


SZ. 


5/. 


EV 


-58 


-70 


-32 






«««« 


RD 


48 


55 


20 






«««« 


VOT 


110 


138 


54 


«««« 


«««« 




VD 


-40 


-19 


-12 


«««« 


' «««« 
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results revealed that there are consistent differences betveen the three * 
places of production, and therefore it is more revealing to discuss the 
/fortis/-/lenis/ difference with the data for each place of articulation 
separated. Tables 5-7 show the data for the labial. Tables 8-10 for the 
alveolar and Tables 11-13 for the velar stops. In Tables 14-16 the dif- 
ferences in means of the three places of production and their signifi- 
cance have been tabulated for each group to enable direct caB^arison of 
the English and the Finnish gnxqps. 

In each group and through all places of articulation there are strong- 
ly significant differences between the two categories /fortis/ and /lenis/ 
with respect to initial voicing. As could be expected, voicing is through- 
out mere extensive in the /lenes/. It will be noticed that through all 
three places of production group Engl, has more extensive voicing of the 
/lenes/ than group SI. This, too, could be expected on the basis of purely 
phonological considerations. The behaviour of group S2. (the more advanced 
Finnish group) , on the contrary, does not follow the expected pattern of 
assuming an intermediate position between the two other groups; instead, 
the group seems to have "overshot" the target model displayed by groi^) 
Engl, (this observation has no counterexamples; in each place of articu- 
lation the /lenes/ of group SZ, have the longest and those of group SI. 
the shortest extent of voicing) • This is probably a reflection of the fact 
that /bdg/ are usually called uo-£ced stops in a rather categorical way in 
many Finnish textbook of English. It will be seen below that this is not 
the only instance vAere group S2, shows this kind of exaggeration. 

Another remarkable thing about voicing is the fact that both 
of Finnish informants show som» instances of voicing of the /fortes/ while 
those of the English group are without exception coopletely voiceless. 
This is doubtless a reflection of the fact that phonologically voicing is 
irrelevant in Finnish, vtereas in English this phonetic dimension contrib- 
utes its own share in keeping the two categories distinct. 

With regard to RD or release duration group SZ . again takes an ex- 
treme position in the labial (55 msec.) and velar (65 msec.) stops, in the 
alveolars the group has an intermediate position* It can be seen that al- 
though the differences of the RD means between the two categories are 
strongly significant for each group the separation of the categories is 
only of the order of about 2 csec. for group SJ, (Tables 7, 10 and 13), 
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* Tables 5-7. The effect of the word initial /fortis/-/lenis/ distinction 
on the labial stops w 



Table 5. Group Bngl. 
/fortes/ 



/lenes/ 



difference 
of means 









^f 


h 




^1 




P 


EV 


0 


0 


100 


65 


61 


95 


-65 




RD 


50 


15 


100 


7 


10 


95 


43 


♦♦♦♦ 


VOT 


50 


15 


100 


-61 


66 


95 


111 


**** 


VD 


146 


64 


100 


179 


76 


95 


-33 


**** 


Table 


6. Groiqp S2. 
















/fortes/ 




/lenes/ 




difference 
















of means 






^f 




^f 






^ 




P 


BT 


2 


16 


100 


92 


32 


95 


-90 


**** 


RD 


56 


29 


100 


1 


3 


95 


55 


♦♦♦♦ 


VOT 


54 


36 


100 


-92 


33 


95 


146 




VD 


158 


64 


100 


172 


62 


95 


-14 


non 



Table 7. Groiq> SI. . 
/fortes/ 



/lenes/ 



dif f er«Ke 
of means 







!f 


^f 










P 


EV 


4 


17 


100 


37 


49 


95 


-33 


**** 


RD 


24 


22 


100 


7 


12 


95 


17 




VOT 


21 


26 


100 


-30 


55 


95 


51 


**** 


VD 


actual data 


lost. 


see the 


text 






non 



and there is ertainly extensive overlapping of the categories. This is 
specifically indicated by the large standard deviations (s) of the /lenes/ 
of the groiq). 

The VDT is essentially a combination of the tin previous parameter!:, 
and accordingly it shows their joint effect. The VOT values are represented 
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Tables 8-10, The effect of the wrd initial /fortis/-/lenis/ distinction 
on the alveolar stops. 



Table 8. Group Bngl. 





/fortes/ 




/lenes/ 




difference 
of means 




^f 


^f 




X, 


h 


^1 


p 


EV 


0 


0 


115 


53 


56 


95 


-53 **** 


RD 


61 


16 


115 


11 


7 


95 


50 **** 


VDT 


61 


16 


115 


-46 


63 


95 


107 **** 


VD 


147 


68 


115 


176 


78 


95 


-29 **** 


Table 9. 


Group 


S2, 














/fortes/ 




/lenes/ 




difference 
of means 




^f 


^f 


^f 


\ 


h 


^1 


p 


EV 


1 


8 


115 


67 


40 


95 


-66 **** 


RD . 


52 


19 


115 


12 


17 


95 


40 **** 


VDT 


52 


19 


115 


-60 


52 


95 


112 **** 


VD 


157 


65 


115 


160 


66 


95 


-3 non 



Table 10. Group SK 



/fortes/ /lenes/ difference 

of means 





^f 


^f 


Nf 


■\ 


^1 


^1 




P 


EV 


2 


13 


115 


32 


40 


95 


-30 




RD 


31 


18 


115 


10 


10 


95 


21 


*♦** 


VOT 


31 


18 


115 


-21 


46 


95 


52 


♦♦♦♦ 



VD actual data lost, see the text 



iiagramnatically in Chart 1. It is at once apparent from the diagram 
that the separation of the two categories is best for group, S2. and 
poi>rest for group SI, It is also obvious that the VOT values are great- 
ly dependent on the place of production of the stops. This point vdll 
be discussed below (jrp, 25ff.)*- 
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: Tables 11-13. The effect of the word initial /fortis/-/lenis/ distinction 
" on the velar stops. 



Table 11. Groi^ Engl. 





/fortes/ 




/lenes/ 




difference 
of means 




^f 


^f 




^1 


^1 


h 




EV 


0 


0 


110 


56 


61 


70 


-56 **** 


RD 


65 


16 


110 


18 


8 


70 


47 


VOT 


65 


16 


110 


-47 


70 


70 


112 **** 


VD 


142 


70 


110 


201 


77 


70 


-59 **** 


Table 12. 


Group S2. 














/fortes/ 




/lenes/ 




difference 
of means 




^f 


^f 


^f 


h 


^1 


h 


^{-\ r 


EV 


0 


0 


110 


77 


36 


70 


^yy **** 


RD 


79 


26 


110 


14 


11 


70 


65 **** 


VOX 


79 


26 


110 


-76 


39 


70 


155 **** 


VD 


147 


62 


110 


194 


65 


70 


_47 **** 



Table 13. Group SI. 





/fortes/ ' 




/lenes/ 




difference 
















of means 






^f 


^f 


\ 


h 


^1 




EV 


2 


13 


110 


31 


43 


70 


-29 


RD 


48 


21 


110 


30 


23 


70 


18 


VOT 


48 


21 


110 


-4 


61 


70 


52 **** 


VD 


actual data lost. 


see the text 




non 



For group Engl, the difference between vowel durations after /fortis/ 
and /lenis/ stops is strongly significant for each place of production. 
The duration of the stressed vowels in the present study has been measured 
from the instant that voicing begins after initial aspiration in voiceless 
stops or from the instant of a sudden rise in intensity indicating the re- 
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Tables 14-16. Suranar)- of the effect of the word initial /fortis/-/lenis/ : 
distinction on the stops of different place of articulation. 



Table 14. The labial stops. 













P 






S2, 


SK 








SU 


EV • -65 


-90 


-35 




**** 


♦♦♦♦ 




RD 43 


55 


17 




**** 


**** 


♦♦♦♦ 


VOT 111 


146 


51 




♦♦♦♦ 




♦♦♦♦ 


VD -35 


-14 


?? 




**** 


non 


non 


Table 15. The alveolar stops. 




























S2. 


SI. 






52, 


SU 


EV -53 


-66 


-30 




**** 


**** 


**** 


RD 50 


40 


21 




**** 


♦♦♦♦ 


**** 


VCTT 107 


112 


52 




♦♦♦♦ 


**** 


**** 


VD -29 


-5 


?? 






non 


non 


Table 16. The velar stops. 






















P 






S2. 


SU 






52, 


SK 


EV -56 


-77 


-29 




**** 


♦♦♦♦ 


**** 


Rd' 47 


65 


18 ^ 








**** 


VOT 112 


155 


52 




**** 


♦♦♦♦ 


**** 


VD -59 


-47 


?? 




**** 




non 



lease of the occlusion in the case of voiced stops, a method which nat- 
urally shortens vowels after strongly aspirated stops. Wiik (1965), for 
instance, has included the release sepnent in the duration of the vowel 
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OiAKT 1. The VOT values Of - s) of the word initial stops for the three 
groups. The units on the tinte scale are inilliseconds, 0 indicating the 
moiaent the oral closure is opened, i and stand for the categories 
/fortis/ and /lenis/, respect ively- 



ilv| 



vet 



lab I 



r 



vel 



Engl. 



3f 



S-II 




s-i 



I I I I t I I i * ( 

•100 -50 0 



■ i t I • * ■ * I 
♦50 ^tOO 



VOT Xis 
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with which arrangement the duration of the vowel is the same after stops 
of both categories. In fact it can be seen in the present data (Tables 5, 
8 and 11) that the differences in the release and vowel durations approxi- 
mately condensate each other. Among the Finnish groups only the velars of 
group S2. (Table 12) show a significant difference coii5)arable to those of 
group Engl. This means that for the labials and alveolars group S2, have 
lengthened the duration of the oral opening in order to achieve equal dur- 
ations of vowels after both /fortes/ and /lenes/. Due to an accident the 
actual numerical data on the vowel durations of group ST. in Tables 7, 10 
and 13 were lost after it had been assessed that the differences in their 
means were not statistically significant. 

The, e^^eoC oi the. place, oi pfuodacXion. — To facilitate the evaluation 
of the effect of the place of articulation on the parameters the data have 
been reorganized in Tables 17-22. Tables 17-19 show the word initial /fortes/ 
and Tables 20-22 the /lenes/. 

It is clear from these Tables that the observed differences of VOT be- 
tween the places of articulation depend mostly on differences in the re- 
lease duration or RD and not on any significant differences in the extent 
of initial voicing or EV. Only group S2, exhibits (see Table 21) any sig- 
nificant differences between the places of articulation with regard to voic- 
ing in that /b/ has a slightly longer extent of voicing than /d/ and /g/. 
It seems futile to try to explain this, although it might not be ir^wssible 
to think of an aerodynamic explanation (/b/ having the largest cavity be- 
tween the glottis and the place of the occlusion, a state of affairs making 
possible a prolonged transglottal flow of air necessary for voicing). 

With regard to the release duration or RD there is a clear tendency 
in both series (i.e. in both the /fortes/ and the /lenes/) and all groups 
for a longer release duration with increasing retraction of the place of 
production. Thus the velars have the longest and the labials the shortest 
release durations, while the alveolars have a medium one. It is worth point- 
ing out that there are no statistically significant exceptions to the above 
tendency in the present data, a fact that would seem to indicate a physio- 
logical or other universal origin for the observed differences. To such a 
direction points also the fact that similar results have been obtained for 
a number of languages, see for example Lisker and Abramson (1964). As the 
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Tables 17-19. TTie-effect of the place features /labial/, /alveolar/ and /velar/ on the parameters EV, RD and 
VDT of the word initial /fortes/. . 



Table 17. Group Engf. 





/labials/ 


/alveolars/ 


/velars/ 


differences of means 












k K I 
a a a 


\ V \ 


W 




p 

1-v 




EV 


.0 0 100 


0 0 115 


0 0 110 


0 0 0 


non 


non 


non 


RD 


50. 15 100 


61 16 115 


65 16 110 


-11 : -15 -4 


*m 


%%%% 




VUl 


50 15 11)1) 


^(i lie 
Dl lb 115 


05 10 UU 


"11 "ID 'f 






* 




















/labials/ 


/alveolars/ 


/velars/ 


differences of means 










^1 ^1 ^1 


\ ^a V 


V s \ 


\'\ \'\ 








EV 


2 16 100 


1 8 115 


0 0 110 


1 2 1 


non 


non 


non 


RD 


56 29 100 


52 19 115 


79 26 no 


4 -23 -27 


non 


0*1* 




VUl 


JU lUU 


?9 IQ IK 




7 -2^ -27 






♦♦♦♦ 


laDXc i7« 


rrnnn 
UiOUp wl. 
















liaulals} 


/ali/flrtl ore/ 


/vol arc/ 


rliffAtf^Tirpc ftf inMTi<; 










I s, N, 
ill 


a a a 


I ^ 
V V V 


^i*\f ^ij'^r 

1 a 1 V a V 


1-0 


i'V 


0 V 




'T 17 100 


' 2 13 115 


2 13 110 


2 2 0 


non 


non 


non 


RD 


24 22 100 . 


31 18 115 


48 21 110 


: . "7 ;,.r24 -17 




♦«« 




vor 


21 26 100 


31 18 115 


48 21 110 


-10 ' :27 -17 
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Tables 20-22. Hie effect of the place features /labial/, /alveolar/ and /velar/ on the paraiaeters EV, RD and 
VOr of the word initial /lenes/. 



Table 20. Group Engi. 





/labials/ 




/alveolars/ 


/velars/ 




differences of means 








\ h 


^1 


a a a 


\ ^ 




¥i \'\ 


Va 


p 

n-v 


EV 


65 61 


95 


53 56 95 


56 61 


70 


12 9 \-l 


non 


non 


IID 


7 9 


95 


11 7 95 


18 8 


70 


-4 -11 -7 


**** 




VOT 


; -61 66 


95 


■46 63 95 


-47 70 


70 


-15 -14 1 


non 


non 


Table 21. Group S2. 


















/labials/ 




/alveolars/ 


■ /velars/ 




differences of means 










^1 


^a ^a \ . 




\ 


¥z \'\ W 


'^1-a 




EV 


92 32 


95 


67 40 95 


77 36 


70 


25 15 -10 


ifm 






1 3 


95 


12 17 95 


14 11 


70 


-11 -13 -2 






vor 


-92 33 


95 


-60 52 95 


-76 39 


70 


•V -16 16 

JL i<J IV 






: /Table 22. Group SI. 








1 










/labials/ 




/alveolars/ 


/velars/ 




differences of means 








V ^1 


V 


I N 
a a a 


; Vv 




\'\ W W 








; '37, 49 


95 


32 40 95 


31 :43 


70 1 


5 6 1 


non 


non 




■■';7;i2;- 


95 


,10 10 95 : 


' 30. 23 


70 


-3 -23 ^ '20 


* 


m* 


vdt' 


-30 55 


95 


-21 46 95 


-4 61 


;10 


-9-26 -17 


non 





a-v 



a-v 
non 



a-v 
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release duration or RD used in this study is essentially dependent on the 
extent of aspiration (although it also includes any frictional noise pro- 
duced at the constriction just after the explosion) it can be said that 
the longer tlie distance between the glottis and the oral closure the soon- 
er the glottis starts vibrating after the release of the oral closure. 
This kind of formulation of the regularities vrould rather suggest an aero- 
dynamic explanation for the differences, although factors such as differ- 
ences in initial stop closure durations might just as well be the reason. 
However, no evidence seems to be available at present for any kind of ex- 
planation. 

The cUiieAznc^A between t/ie gnxiup6. — By and large, it seems that the 
word initial stops of the three groups differ more in degree than in kind. 
As for the /fortis/-/lenis/ opposition, no group used a cue that the other 
groups completely failed to use (except the seemingly contradictory case 
of the duration of the following vowel or VD; however, this is a technical 
difference resulting from the- kind of segmentation employed here). It was 
seen that the separation of the distinctive categories /fort is/ and /lenis/ 
was generally poorest by group SK with group S2. occasionally having ex- 
treme separation exceeding that of the "model" group Bngl. With regard to 
place of articulation all groups u;- 'ayed similar tendencies. 

THE WDRD MEDIAL POSITION 

The UofuU^hll^Jiul (LUtincX^n. - Tables 23-25 present a general 
picture of the /fort is /-/lenis/ differences in the vrord medial position, 
pooled across the three places of production. Table 26 shows again in a 
more conpact form the differences of means and their significance for the 
three groups of informants. The parameters tabulated are the duration of ; 
the preceding (stressed) vowel or VD, the silent interval or SI of the 
stop itself, the extent of voicing of (the silent interval of) the stop 
or EV, the release duration or RD and the total duration TD of the stop 
(conprising SI+RD)- 
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Tables 23-26 ► The effect of the vord medial /fortis/-/lenis/ distinction ' 
on the parameters VD (duration of the preceding vowel), SI (silent inter- 
val), (extent of voicing), RD (release duration) and TD (total duration 
(SI+RD) of the stop). 



Table 23 ► Group Bngl. 



/fortes/ /lenes/ difference 

_ of means 





^f 


Sf 


Nf 






^1 




P 


VD 


100 


29 


95 


104 


26 


100 


-4 


non 


SI 


60 


18 


95 


58 


15 


100 


2 


non 


EV 


0 


0 


95 


50 


18 


100 


-50 


**** 


RD 


49 


17 


95 


14 


12 


100 


35 


**** 


TD 


109 


14 


95 


72 


15 


100 


37 


**** 



Table 24. proup S2. 

/fortes/ 



/lenes/ 



difference 















of means 




^f 


Nf 


h 


^1 


p 


VD 99 


27 


95 


112 


32. 


100 


-13 ♦♦♦♦ 


SI 91 


19 


95 


74 


20 


100 


17 ♦♦♦♦ 


EV 3 


8 


95 


68 


27 


100 


-65 ♦♦♦♦ 


RD 47 


20 


95 


9 


12 


100 


38 


TD 138 


28 


95 


83 


23 


100 


55 ♦♦♦♦ 


Table 25- Group SU 












/fortes/ 




/lenes/ 




difference 








h 






of means 




Sf 


'^f 




h 




VD 90 


25 


95 


103 


35 


100 


-13 ♦♦♦♦ 


SI 93 


21 


95 


75 


24 


100 


18 ♦♦♦♦ 


EV 6 


15 


95 


,44 


33 


100 


-38 ♦♦♦♦ 


RD 30 


17 


95 


13 


14 


100 


17 ♦♦♦♦ 


TO 123 


25 


95 


88 


31 


100 


35 ♦♦♦♦ 


Table 26. Con^rison 


of the 


groups. 



















P 




Engl. 


S2. 


SI. 




S2. 


VD 


-4 


-13 


-13 


non 


**** 


SI 


2 


17 


18 


non 




EV 


-50. 


-65 


-38 






RD 


35 


38 


17 




**** 


TO 


37 


55 


35 


**** 


**** 



SU 
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In all groups a compensatory relationship between the duration of the 
preceding vowel and the silent interval of the stop can be observed. Thus 
a longer silent interval of the /fortes/ is almost invariably associated 
with a shorter duration of the preceding vowel. For group tngl.t however, 
the /fortis/-/lenis/ differences with regard to the two parameters are 
negligible and moreover statistically nonsignificant. It will be seen be- 
low that this is caused by the fact that in this^ group the alveolars pre- 
sent an opposite tendency with regard to the duration of the silent inter- 
val, /d/ having on an average a longer one than /t/. However, before going 
into the separate data for each place, of articulation some further obser- 
vations concerning the data in Tables 23-26 will h& made. 

It is remarkable that the absolute durations of the silent intervals 
of both the /fortes/ and the /lenes/ are much greater in the tw Finnish 
groi4)s than in the English group (in /fortes/ 93, 91, and 60 msec, and in 
/lenes/ 75, 74 and 50 msec, for the groups SU, S2, and Bngt,, respectively). 
It is not smply a matter of different speaking rate as the vowel durations 
show rather an opposite tendency (see also Table;S 45-47 below where it is 
obvious that the absolute vowel durations used by groi^) tngt. are longer 
than those used by the Finnish groups). It seems rather that it is a ques- 
tion of a different vowel/consonant ratio, and it would be interesting to 
know how much it contributes to the foreign accent noticed in the speech of 
Finns by native speakers of English. Part of the observed differences (at 
least for group S/.) could conceivably be explainable on the basis of the 
fact that the spelling of some of the medial stops (e.g. pcutty) consists of 
two identical graphemes just as the spelling of Finnish geminate consonants, 
and consequently some of these stops were produced phonetically long accord- 
ing to Finnish rules of pronunciation. That this is not the ^^le explana- 
tion is evident for the following reason: if the Finnish infonnants had in- 
deed produced basically two kinds of stops, one corresponding to Finnish 
single stops and the other to gsninates, the mean (X) would naturally be- 
come a little higher than that of single stops alone. However, such a di- 
chotomy of the durations of the silent intervals would automatically be re- 
flected in a large standard deviation (s), \Aereas it can be seen that the 
standard deviations of groi4)s SI , and S2. (/fortes/: 21 and 19 msec.; /lenes/: 
24 and 20 msec., respectively) are not very much larger than those of group 
Bngl. (18 and 15 msec.). According to Lehtonen (1970: 70-71) the average 
durations of Finnish single stops vary around 100 msec., v*dle those of the 
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geminates vary around 200 msec., from which figures it can be seen that 
the durations of the silent intervals produced by the Finnish groins do 
not differ markedly from the durations of average Finnish single stops 
(although in Lehtonen*s measurements the small burst often acconpanying 
the Finnish stops was also included)* 

As regards voicing in medial position it is again noteworthy that 
groi^ Engl, is the only one without even occasional or partial voicing 
of the /fortes/. Otherwise a pattern similar to the voicing of initial 
stops can be observed, with groi^ S2» having the maxi'miin of voicing of 
the /lenes/ and grci^ Engl, assiming an intermediate position* It can 
be seen in the Tables that the absolute means for all /lenes/ in tliis 
position are 50, 68 and 44 msec, for groi5)s Engl,, 52. and SI., respect- 
ively. Also relatively, i.e. as percentage of the duration of voicing 
of the silent interval, groi^ S2. ranks highest on the list,the corre- 
sponding percentages being 861, 92t and S9t. It is also notewortiiy that 
group SI., although exhibiting an approxijnately equal duration (in ab- 
solute terms) of voicing in the /lenes/ as groi^ Brql,, yet has much 
larger standard deviation (s), namely 33 msec* against 18 msec* This in- 
dicates that voicing is more irregular in the Finnish groi^, either in 
the speech of single ijKlividuals or between members of the groq)* 

The release durations are approximately the sane for groups Engl. 
and S2., with group SU having the shortest RD. Generally it can be said 
that the differences between the means of the /fortis/ and-/lcnis/ values 
for the parameters that show statistically significant;d|fferiBiices fdr 
the "toodel" group Engl, (thus disregarding VD and Slj w^ smallest for 
group SU, while the standard deviations axe the greatest for this group* 
These tv*> facts are a clear indication of greater overlapping of the cat- 
egories in this group. 

Tables 27-35 show the /fortis/-/lenis/ distinction for the three 
places of articulation separately. Tables 27-29 showing the labials for 
each group. Tables 30-32 showing the alveolars and Tables 33-35 the 
velars. In Tables 36-38 the corresponding differences of means and their 
statistical significance have been reorganized to enable a conparison of 
the groi4)S* 

In Chart 2 (which is based on the VD and SI data of Tables 2*'-35) 
it can again be seen that in each group and through all places of articu- 
lation a longer silent interval SI is invariably associated with a shorter 
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Tables 27-29. The effect of the word medial /fortis/-/lenis/ distinction 
on the labial stops* 



Table 27. Grot^ Engt. 





/fortes/ 




/lenes/ 




difference ; 
















of means 






*f 


^f 


\ 


h 


w 

1 


T -7 P 

^fh P 


VD 


87 


25 


25 


106 


22 


35 


-19 ♦♦♦♦ 


SI 


80 


15 


25 


72 


12 


35 


8 


EV 


0 


0 


25 


65 


25 


35 


-65 


RD 


30 


13 


25 


7 


7 


35 


23 <•♦•* 


TO 


110 


15 


25 


79 


12 


35 


31 


Table 


28* Group 


SZ. 














/fortes/ 




/lenes/ 




difference 
















of Beans 






Sf 


^f 










VD 


85 


22 


25 


105 


23 


35 


-20 ♦♦♦♦ 


SI 


108 


19 


25 


90 


16 


35 


18 


EV 


9 


13 


25 


90 


16 


35 


-81 ♦♦^ 


RD 


32 


18 


25 


5 


6 


35 


27 


TO 


140 


37 


25 


95 


22 


35 


45 


-Table 


29. Group 


SU 














/fortes/ 




Aenes/ 




difference 
















of Means 






^f 


Nf 




^ 


^ 




VD 


84 


23 


25 


95 


21 


35 


-11 non 


SI 


100 


22 


25 


88 


17 


35 


12 


EV 


9 


14 


25 


49 


38 


35 


-40 


RD 


19 


12 


25 


8 


11 


35 


11 ♦♦♦♦ 


TO 


119 


26 


25 


96 


22 


35 


23 



duration of the preceding vo««l, although the differences are generally 
ssaaU and not always statistically significant* Further it can be seen that 
it is the /fortes/ that exhibit: :he longer silent interval ^ with k single 
exception: the /d/'s of group Engl, here a longer silent interval than their 
/t/'s (48 nsec. against 47 usee., see Table 30). The difference* hcrmreTp is 
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Tables 30-32. The effect of the word medial /fortij/Vlenis/ distiju:tion 
on the alveolar stops. 



Table 30. CSroiq) Hng^. 





/fortes/ 






VD 


110 28 


SI 


47 13 


EV 


0 0 


RO 


61 11 


ID 


108 15 



Tabic 31. Group S2. 

/fortes/ 









VP 


106 


Z6 


SI 


88 


16 


EV 


6 


4 


RD 


49 


17 


TP 


137 


19 



Table 32. Group SK 
/fortes/ 









VD 


94 


25 


SI 


91 


23 


EV 


2 


8 


RD 


34 


18 


TD 


125 


27 



/lenes/ 







^1 


40 


97 


20 


40 


48 


10 


40 


44 


14 


40 


13 


10 


40 


61 


11 




/Icnes/ 










40 


116 


40 


40 


60 


15 


40 


56 


16 


40 


8 


9 


40 


68 


21 




/lenes/ 









h 


40 


113 


50 


40 


$4 


20 


40 


SI 


16 


40 


6 


8 


40 


60 


21 



difference 
of means 

35 13 

35 -1 nan 

35 -44 

35 48 

35 47 



difference 
of means 

Nj^ Xf.^ P 

35 -10 nott 

35 28 

35 -50 

35 41 

35 69 ♦♦♦♦ 



difference 
of means 

35 -19 ♦ 

35 37 

35 -49 

35 28 

35 65 



negligible and moreover statistically nonsignificant; nore interesting is 
the fact that even here a longer silent inter^ is associated with a 
shorter duration of the preceding vowel. Thus, imlilce aU the other /lenes/ 
of tJjc 5a» Cor, for that mtter, of the other) groi^ 
caused a shortening of the preceding VDwel, a shortening lAich wreover is 
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Tables 33-35 • The effect of the word medial /fortis/-/lenis/ distiiwztion 
on the velar stops- 



Table 33* Group Engl, 

/fortes/ /lenes/ difference 

of means 





^f 






h 


X 


P 


VD 99 


29 


30 


110 


34 


30 


-11 non 


SI 59 


10 


30 


52 


10 


30 


7 •» 


EV 0 


0 


30 


47 


14 


30 


**** 


RD 48 


11 


30 


23 


13 


30 


25 **** 


TO 107 


12 


30 


75 


14 


30 


32 


Table 34. Groiq;> SZ, 












/fortes/ 




/lenes/ 




difference 














of means 




^f 


Nf 


\ 


h 


h 




VD 100 


29 


30 


115 


30 


30 


-IS -non 


SI 82 


13 


30 


71 


17 


30 


U **• 


EV 0 


0 


30 


56 


30 


30 


-56 


m 56 


17 


30 


IS 


17 . 


30 


41 


TO 132 


31 


30 


85 


21 


50 


47 


Table 35. Group SK 












/fortes/ 




/lenes/ 




difference 














of means 




^f 


■ 






\ 




VD 90 


25 


30 


100 


2* 


' 30 


-10 non 


SI 91 


16 


30 


83 


18 


30 


8 non 


EV 8 


22 


30 


30 


37 


30 


-22 •** 


RD 35 


16 


30 


25 


IS 


30 


10 • 


TO 126 


23 


30 


108 


28 


30 


18 



statistically significant. This seems to indicate rather clearly that the 
duration of the preceding vowel is not phonologically conditioned in the 
way that a longer or a shorter duration would invariably be connected with 
one or the other of the two linguistic categories /fortis/ and /lenis/. 
Rather, the durational relations seem to speak for a tendency to keep the 
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CHART 2, The durations of the pre«?ding vowel (VD) and the silent interval 
(SI) of the word medial stops- The units on the tine saQc are irdlliseconds; 
< and t stand for the categories /fbrtis/ and /lends/, respectively. 




0 50 100 
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Tables 3^-38. Suninary of the effect of the \yord ror-dial /fortis/-/lenis/ 
distinction on stops of different place of articulation. 



Table 36. The labial stops- 













P 






Engl. 


52. 


57. 


• Engl. 


S2. 


SI. 


VD 
SI 
EV 
RD 
TD 


-19 
8 

-65 
23 
31 


-20 
18 

-81 
27 
45 


-11 
12 

-40 
11 
23 


*««« 
**** 


«««« ■ 

' 

**** 
*««« 
*««« 


non 

**** 
**** 
**** 


Table 37. 


The alveolar stops. 




















P 






Engl. 


S2. 


SI. 


Engl. 


sz. 


SI. 


VD 
SI 
EV 
RD 
TD 


13 
-1 
-44 
48 
47 


-10 
28 

-50 
41 
69 


-39 

37 
-49 

28 » 

65 


** 

non 
«*** 
***« 
**** 


non 
• **** 

- **** 
**** 


**** 
**** 
**** 


Table 38. 


The velar stops. 




















P 






Engl, 


S2., 


SI. 


Engl. 


S2. 


57. 


VD 
SI 
EV 
RD 
TD 


-11 

7 

-47 
25 
32 


-IS 
11 

-56 
41 
47 


-10 
8 

-22 
10 
18 


non 
«« ' 

*««* 

*««« . 

«««* 


non 
. m** ■ 
**** 
**** 
«**«" 


non 
non 
««« 
' « ■ 
««« 



total duration of the sequence constant. On the vtfwle, it can be said 
that the duration of the silent interval does not provide a reliable sep- 
aration of the two categories of stops for group Engl., for even in the 
labials and velars the differences, although statistically significant, 
are likely to be too small to have any real cue value in speech percep- 
tion. Only group S2. displays a systematic and statistically strongly 
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significant difference with regard to this parameter through all places 
of production.^ 

In general the observations made above in connection with Tables 23- 
26 seem to be valid for each place of articulation, with some notable 
exceptions. Thus it can be seen that group SI, has a remarkable long ex- 
tent of relative (i.e. EV/SI) voicing in /d/ as conpared to the other 
/lenes/. This is no doubt due to the fact that this is a position where 
the Finnish /d/ occurs and consequently the sound has not presented any 
real difficulties for the Finnish speakers. That the same trend is not 
so conspicuous in the data of group <;2. is most likely due to the fact 
that they again have extensive voicing in all /lenes/. It is also inter- 
esting to note that although the differences in the durations of the si- 
lent intervals of the /fortes/ and the /lenes/ are usually very small, 
as ?lready seen above, the alveolars of both Finnish groups fonn an ex- 
ception, with /d/ having a clearly shorter average duration of the si- 
lent interval than /t/ (the differences being 37 and 28 msec, for groups 
SI. and S/., respectively, see Tables 31 and 32). This is in accordance 
with reports to the effect that the Finnish /d/ is noticeably shorter 
than /t/ (see for exan^le Lehtonen 1970: 71). It 'is also clear that this 
cue is not used in English, at least not by the infoimants used in the 
present study. 



The ziizcX oi the place o6 pwducJUjon. - In Tables 39-44 the data 
on the medial stops have been reorganized for coinsarison of the differ- 
ences between the places of production and their statistical signifi- 
cance. The durations of the silent intervals (SI) and release durations 
CRD) are presented graphically in Chart 3. A few generalizations con- 
cerning the data will be pointed out here, although the origins of these 
differences interest us only to the extent that they are connected with 
the /fortis/-/lenis/ distinction. Thus it can be seen that in all medial 
stops, both in the /fortes/ and in the /lenes/, the labials have the 
longest duration of the silent interval. This difference is statistically 
strongly significant in all groiq)s and both categories with the excep- 
tion of the /fortes/ of groiq) S7. which nevertheless have a nonsignifi- 
cant trend in the same direction (see Table 41). Similarly "it can be said 
that there are no statistically significant exceptions to the general 
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Tables 3HL The effect of the place features /labial/, /alveolar/ and /velar/ on the parameters VD, SI, EV, 
and ID of the wrd medial /fortes/. : 



Table 39, Group Eng/. 

; , / /labials/ 


/aiveoiars/ 




\ h 


^1 




vD 


8/25 


25 


no 28 40 


SI 


JO 15 


25 . 


47 13 40 


Ev 


0 0 


25 


0 0 40 








61 11 40 


TD 

Table 


110 15 

40. Group SZ. 
/labials/ 


25 


108 15 40 
/aiveoiars/ 




^1 h 




I \ \ 

a a a 


VD 


85 '22 


25 


106 26 40 


SI 


108 19 


25 


88 16 W 


Elf 


9 13 


25 


1 4 40 


RD 


32 18 


25 


49 17 40 


TD 


135 37 


25 


137 19 40 



Table 41. Group 51. 

/labials/ /aiveoiars/ 

: \ \\ \ \ \ 

- VD 84 23 25 94 25 40 

JO SI 100 22 25 91 23 40 

, Elf 9 14 25 2 8 40 

RD 19 12 25 34 18 40 

D 119 26 25 125 27 40 



/velars/ 




differences of wans 








Vv 


V 


¥a 


Va 




^a-v 


99 29 


30 


-23 -12 11 




non 


non 


59 10 


30 


33 21 ''-12 




MM 


MM 


0 0 


30 


0 0 0 


non 


non 


non 


48 11 


30 


■31 -18 13 


*m 


IMI 


MM 


107 12 


30 


2 3 1 


non 


non 


non 






differences of loeans 








f 


\ 


'ft ft ft 


^1-a 






100 29 


30 


"21 -15 6 


MM 


4 


non 


82 13 


30 


20 26 6 


MM 


MM 


non 


0 0 


30 


8 9 1 


MM 


MM 


non. 


56 17 


30 


-17 -24 -7 


MM 


MM 


non 


132 31 


30 


-2 3 5 


non 


non 


non 


/velars/ 




differences of ineans 








\ ^V 


\ 


VV ft ft 




^1-v 


Vv 


90 25 


30 


•10 -6 4 


non 


non 


non 


91 16 


30 


9 9 0 


non 


non 


non 


8 22 


30 


7 1 -6 


M 


non 


non 


35 16 


30 


-15 -16 -1 


MM' 


MM 


non 


126 23 


30 


-6 -7 -1 


non 


non 


non 
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Tables 42-44. Hie effect of the place features /labial/, /alveolar/ and /velar/ on the pam^^ VD, SI, EV, 
iandTDof tbewrdiedial/lenes/, 



Table 42. Git)iip En^t. 



/labials/ 


/alveolars/ 


/vplars/ 




differences of means 








I s, 
1 1 


1 


7 e M 

:a Va 






7-7 7-7 7-7 

TV V\ 


p 

>a 


P 

>v 


P 

a-v 


VD 106 22 


35 


AM m0 

97 20 35 


110 34 


30 


9 -4 "13 


non 


non 




SI 72 12 


35 


111 in ^1 

HO lU j9 


1(1 

iit ill 


ou 


U 9(1 J 

it ^ 


m* 


mt 




EV 65 20 


35 


44 14 35 


47 14 


30 


21 18 -3 


m* 


«M ; 


non 


DA 7 7 

Kl; 11 


TC 
03 


n 1(1 
ij jj 






-6 -16 -10 


■ m 


*m 


MM 




03 


61 11 35 


75 14 


30 


18 4 '14 




non 


MM 


Table 43. Group SZ. 


















/labials/ 




/alveolars/ 


/velars/ 




differences of dieans 








\h 


^1 


\ V ^a 


Vs 


\ 


vv 






P 

a-v 


VD 105 23 


35 


116 40 35 


115 30 


30 


•11 -10 1 
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non 
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SI 90 16 


35 


60 15 35 


71 17 


30 


■ 30 19 -11 


m* 


MM 




Elf 90 16 


35 


56 16 35 


56 30 


30 


34 34 0 




MM 
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RD 5 6 


35 


8 9 35 


15 17 


30 


;-3 -10 -7 
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MM 


* 


H) 95 22 


35 


69 21 35 


85 21 


30 


26. 10 -16 


MM 
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Table 44. Group SI. 





/labials/ 




/alveolars/ 


/velars/ 




differences of means ' 
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30 
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SI 
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35 
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30 
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MM 
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MM 




■ W 38 


35 


51 16 35 


30 37 


30 


•2 


19 21 
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* 


Ml 


KD 


8 11 


35 


6 8 35 


: !5, 15 


30 


. ,2 


>17: -19, 
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MM 


«MI 


ID 


» 22 


35 


60 21 35 


lot 28 


30 


' 33 
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tMI 
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CHAPT 3- The duratiODs of the silent int<jr/al (SI) and release duration 
(RD) of the word medial stops ► The units on the time scale are millisec- 
onds; ^ and Z stand for the categories /fortis/ and /lenis/# respectively. 



lab 



jr 



ah 



vel 



Engl. 



lab 



vel 



SI! 



lab 



alv 
vel 



XDi 



Jr 



SI 
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I • • 
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100 
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rule that the velar stops have a longer silent interval than the alveolar 
ones, although this tendency is much weaker. These findings are in ac- 
cordance with those of Fischer-J(rfrgensen (1964) who has studied the ef- 
fect of place of articulation on sound duration in greater detail. Also 
Uhtonen (1970: 70-75) has found the order /p/>/k/>/t/ in the production 
of medial plosives. 

Table 42 and Chart 3 show that there are statistically strongly sig- 
nificant differences between the release durations RD of /b/, /d/ and /g/ 
of groi^) Engl. As in the case of the word initial plosives (see Table 20), 
the velar stop /g/ has the longest and the labial stop /b/ the shortest re- 
lease duration. Neither are there any significant exceptions to this ten- 
dency in the medial /lenes/ of the two Finnish groiq)s (Tables 43 and 44 
and Chart 3). On the other hand, the /fortes/ of the same position ex- 
hibit a different picture. Thus it can be seen in Table 39 and in the 
graphic representation in Chart 4 that statistically strongly sipiificant 
differences exist also here between the release durations of the three 
places of articulation in the productions of groxjp Bngl., althoxagh the 
order of magnitude is different from the /lenes/. Now the alveolar stop 
/t/ has the longest and the velar stop /k/ the intermediate release dur- 
ation. For the corresponding means of the two Finnish grotps (Tables 40 
and 41) the only statistically significant difference is that between /p/ 
and the other /fortes/, the former having a systenatically shorter re- 
lease duration than the latter tvo which. do not differ from each other 
statistically in this respect. It may seem odd tliat the order of magni-, 
tude of the three places of production is different in the two categories, 
one would rather have expected phonological syninetry to be reflected in 
the durational relations. At this stage a few more observations deserve 
to be pointed out although no explanations 'will as yet be attenpted. Thus 
it can be seen that, with regard to the word medial /lenes/, statistically 
significant differences exist for all gTOi5)s between the total durations 
TD (i.e., SI+RD) of the stops (Tables 42-44), ^reas no statistically 
significant ones exist in this respect between /p/, /t/ and A/ (Tables 
39-41). On the other hand, statistically significant differences exist 
between the places of articulation with regard to the silent interval SI, 
except for the /fortes/ of group 5K With a con5)arison of the SI and RD 
data of the /fortes/ it is possible to assess that a practically perfect 
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CHART 4. The durations of the silent interval (black colunn) and release 
duration of the wrd medial /fortes/- The units on the time scale are 
milliseconds- The white colums imply labial, the striped, ones alveolar 
and the dotted ones velar stops. 
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reciprocal pattern obtains between the two measures. Thus differences in 
the duration of the SI are completely conqpensated for by differences in 
RD- It is clearly a matter of tei^wral coordination between laryngeal and 
si4)raglottal activities, and this is why differences between places of ar- 
ticulation may turn out to be helpful in the clarification of the mechan- 
isms underlying the /ptk/^/fadg/ distinction in English. This point will be 
further elaborated in connection with the discussion of the physiological 
mechanisms below. 



THE WDRD FINAL P0SITIC»4 



Tht mtct oi thz vowU catcgo^cA /tzme./, /ae/ and /lax/ on the, 
du/uU/jon oi thz p^zczding vowU. - Tables 45-47 present the results for 
the word final /fortis/-/lenis/ distinction for the three groins, with 
Table 48 showing only the differences of means and their statistical sig- 
nificance for an easier con^wrison of the gTOi5)s. The parameters under 
investigation are the duration of the preceding vowel (belonging to one 
of the categories /tense/, /lax/ and /ae/).or VD, the duration of the si- 
lent interval of the stop or SI, and the extent of voicing of the stop or 
EV. In Chart 5 a sunmary of the effects of the vowel categories /tense/, 
/ae/ and /lax/ and the consonant categories /fortis/ and /lenis/ on Ihe 
parameter VD is presented graphically. 

Inspection of the Tables reveals that the inclusion of different 
vowel categories was useful in that interesting differences emerge between 
the groi4)s with respect to the parameter VD. Looking first at the data on 
the duration of the vowels before the /fortis/ stops we can see that for 
groxsp Engl. (Table 45) the /tense/ vowels have the longest and the /lax/ 
vowels the shortest VD, while the /ae/ vowels exhibit a duration approxi- 
mately halfway between the two. The /tense/ vowels are 68 msec, or 58 per 
cent longer than the /lax/ ones, which is in good agreement with earlier 
published data. Wiik, for example, reports (1965: 115) a 65 per cent long- 
er duration of the /long/ (=/tcnsc/) vowels con?)ared to that of the /short/ 
ones. 

For groiq)s S2. and S/. the same trends can be observed (Tables 46 and 
47) although the ratios of the means form a markedly different pattern. 
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Tables 45-48. The effect of the word final /fortis/-/lenis/ distinction 
on the parameters VD (duration of the preceding vowel, three groups), SI 
(silent interval) and EV (extent of voicing of the stop). 



Table 45. Group Eng^. 



/fortes/ 




/lenes/ 




t^i f f j-L'i~j»ni~.i> 














of loeans 




^f 








\ 




VD /tense/ 186 


61 


on 


335 


42 


30 


-149 **** 


VD /ae/ 156 


27 


55 


255 


52 


60 


"99 ♦♦♦♦ 


VD /lax/ 118 


28 


75 


192 


35 


90 


-74 **** 


SI 102 


24 


n n 
21U 


75 


19 


180 


27 **** 


EV 0 


0 




56 


28 


1 fin 


— oo **** 


Table 46. Group SZ. 












/fortes/ 




/lenes/ 




difference 














of means 


^f 


Nf 




h 






VD /tense/ 252 


41 


79 


277 


32 


31 


^25 ♦♦*♦ 


VD /ae/ 165 


37 


55 


198 


33 


60 


-33 ♦♦♦♦ 


VD /lax/ 132 


27 


75 


168 


34 


90 


-36 ♦**♦ 


SI 115 


26 


210 


89 


23 


180 


26 ' ♦♦♦♦ 


EV 3 


10 


210 


62 


38 


180 


-59 ♦♦♦* 


Table 47. Group ST: 












/fortes/ 




/lenes/ 




difference 














of means 


^f 


Nf 


7i 


^1 


^1 




VD /tense/ 215 


55 


80 


228 


49 


30 


-13 non 


VD VW 124 


26 


55 


133 


: 34 


60 


-9 non 


VD"/Iar^:Aa06 . ... 


25 


75 


123 


30 


90 


-17 ♦♦♦♦ 


SI 105 


37^* 


"^210 


96 


32 


180 


9 


EV , 2 


7 


210 


16 


23 


180 


-14 



Table 48. Conqparison of the groups. 











P 






SZ. 


SI. 




52. 


SI. 


VD /tense/ -149 


-25 


-13 


**** . 


**** 


non 


VD /ae/ -99 


-33 


-9 


**** 




non 


VD /lax/ -74 


-36 


-17 


**** 






SI 27 


26 


9 


**** 


**** , 




EV -56 


-59 


-14 


**** 
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CHART 3. The effect of the /fortis/-/lenis/ character of the word final 
stops on the duration* of the preceding /tense/, /ae/ and /lax/ vowels. 
The units on the tine scale are milliseconds; a ^ ^ stand for the cat- 
egories /fortis/ and /lenis/, respectively. 
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Thus for group SZ. the /tense/ vowels preceding the /fortes/ are 120 msec, 
or 91 per cent longer than the /lax/ ones, for grotp SI. the corresponding 
figures are 109 msec, or 103 per cent. It is clear from these results that 
the Finnish groi^Js have realized the /tense/-/lax/ distinction in a way 
different from that used by the English infonnants. Even in the absence of 
any spectral information it seems evident that the Finnish speakers have 
identified the distinction with the phonetically partly similar distinction 
of /single/ and /double/ vowels in Finnish which, however, rests almost 
totally on differences in duration. Thus the ratios of the /tense/ and /lax/ 
vowels for the two Finnish grotps agree quite well with the reported ra- 
tios of Finnish /double/ and /single/ vowels (see for exanple Lehtonen 
1970 : 64 and Wiik 1965: 115). It wuld also seem that the /ae/ vowels of 
the Finnish groi^Js would show less deviation fron the /lax/ ones than is 
the case with the English group, although even here the differences seen 
to be too great to be explainable on the basis of the nore open tongue posi- 
tion of the /ae/ vowels compared to most of the /lax/ vowels occurring in 
the test material (see Appendix A), The intermediate position taken by the 
/ae/ vowels for group Engl. (Table 45) reflects rather well the ambivalent 
or /neutral/ (see Wiik 1965: 49) character of the vowel with respect to the 
feature /tense/-/lax/ or /long/-/short/. 

The data on the same vowel categories before the /lenis/ stops show a 
qualitatively similar but quantitatively somewhat different pattern (see the 
right hand sides of Tables 45-47). For group Engt. the /tense/ vowels are 
143 msec, or 75 per cent longer than the /lax/ vowels in the sane position, 
the mean of the /ae/ vowels again being approximately halfway between the 
two extremes. If we compare the corresponding figures obtained above for 
the vowls before the /fortes/ (68 msec, or 58 per cent) we can conclude 
that for the native speakers the "switch" frta /lax/ to /tense/ follows 
:fflore closely a pattern of a percentual incronent than an absolute one, i.e. 
ce^M^ paUUu, the /tense/ vowels seem to be about 60-70 per cent longer 
zn duration than the /lax/ ones. This seems to be roughly the principle; 
a closer examination >«uld doubtless reveal some kind of interaction be- 
tween various rules of tenqxjral organization. 

TTie Finnish groups, on the other hand, sem to possess a rule using 
an absolute increnent for converting /lax/ vowels to /tense/ ones (the no- 
tions of "switch" or "conversion" are not meant to be taken literally, they 
are used solely for purposes of exposition). m.s the absolute differences 
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of means of the two vowel categories before the /lenes/ are 109 nisec, and 
105 msec, for groia^s S2 and SI, respectively, figures which match almost 
perfecay with those obtained before the /fortes/ (120 msec, and 109 msec., 
respectively). The corresponding per cent figures are 65 and 85 per cent, 
which do not differ from the corresponding percentage of the f^l, group 
(75 per cent), but this is an accidental and trivial similarity which re- 
sults from the interaction of various rules affecting the duration of the 
vocalic segments. On the basis of the data it would seem that the "Finnish 
way*' of converting /lax/ vowels to /tense/ ones consists of lengthening 
the vowel with approximately the duration of a /single/ Finnish vowel. The 
two Finnish groi^js do not seem to differ from each other in this respect. 



Tfie mzct oi the, uxj/id ilnal HonXJu^l'lUnJUl di&tbuitlon on tha dwi- 
atlon oi tht pfLZczduiQ voweZ, - Table 48 and Chart 5 sunmarize the differ- 
ences of means of the relevant parameters and their significance for each 
of the three groups. All groups exhibit a lengthening of vowels of each 
category before the /lenis/ stops coinpared to these preceding the /fortis/ 
stops but there is great variation in the extent and nature of this length- 
ening. For group BfiQl. the differences between the means of the pre-/foTtis/ 
and pre-/lenis/ VD values (or, to put it in another way, the lengthening 
caused by the /lenis/ character of the following stop) are 149 msec,, 99 
asec, ^and 74 msec, for the /tense/, /ac/ and /lax/ vowels, respectively. 
Expressed as a per cent value of the pre-/fortis/ vowels the corresponding 
lengthening figures are 80, 63 and 63 per cent for the three vowel cat- 
egories, respectively. All of these differences are statistically strongly 
significant. Also these results are in good agreement with earlier pub- 
lished data, for cxanple Wiik (1965: 115) reports a 92 per cent and 72 per 
cent lengthening of /long/ and /short/ vowels, respectively. On the basis 
of the present data it would seem that here, too, a percentual increase 
rather than an absolute one is used in English. On the whole, the differ- 
ences in vowel duration caused by the word final /fortis/-/lenis/ distinc- 
tioji are here as in so many earlier studies so extensive that their sig- 
nil'icance in cueing the distinction in perception cannot be doubted. 

With regard to the VD preceding word final /fortis/-/lenis/ distinc- 
tion proi^ S2 for once takes an intermediate position between the native 
English group and the less advanced Finnish group SI, For group S2 the 
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lengthening is also statistically strongly significant for each vowel cat- 
egory, but the absolute extents of the lengthening are much smaller than 
>eas the case with group Engl., namely only around 30 msec- Thus it can be 
said that this grovp have for the most part failed to make use of a cue 
that is very powerful in English in signalling the word final /fortis/- 
/lenis/ distinction. Although the indications are rather weak one would 
also here (as in discussing the effect of the /tense/Vlax/ distinction 
of vowels above) be tenpted to regard an absolute incranent more likely 
than a relative one yihich seems to be favoured by the native speakers. 

For gro^ SI the /foTtis/-/lenis/ differences in :thc means of the VD 
are almost negligible and moreover statistically nonsignificant in two out 
of three instances. It is likely thst the weak tendency observable here 
reflects some kind of a universal, possibly articulatory constraint re- 
ported for so many languages (see for exan?)le Chen 1970) . In general the 
results on this particular parameter are interpreted to once again con- 
fina the notion that most of the lenthening of vowels (and of resonants 
in general) occurring in English before word final /lenis/ obstruents is 
due to a language specific, idiomatic and acquired habit which each child 
in an English-speaking comnunity leams as a part of the sound system of 
his/her native language. 

In Charts 7-9 the effects of the two factors influencing the parame- 
ter VD have been sumnarized for the three groups (for cooq)arison see Wiik 
1965: 115). The letters I: and I stand for the classes of /tease/ and /lax/ 
vowels and the Tetters T and D for the /fortis/ and /lenis/ stops, re- 
spectively. The arrows indicate the direction of the "lengthening", the 
figures give the absolute difference in msec, values and (in parentheses) 
the percentual lengthening. 

The. dufuUlon oi tht sltejtt Intvivat and voitung oi thz woKd iinal 
6top6. - With regard to the parameter SI the groqps do not seem to differ 
from each other in any essential way: for each group the /fortes/ have a 
scmeirfiat longer SI than the /lenes/, a difference that is statistically 
strongly significant for each group. The VD (average .of the three vowel 
classes) and SI data are presented graphically in Chart 6. It will be re- 
membered from above that in the word medial stops group Engl, showed no 
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CHAKT 6. The durations of the preceding vowel (VD) and silent interx-al 
(SI) of the wrd final stops • The units on the time scale are millisec- 
onds; i and I stand for the categories /fjrtis/ and /lenis/, respectively. 
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CHARTS 7-9. Smsnaries of the effects of the two factors influencing the 
parameter VD or the duration of the wwel preceding a wrd final stop. 
TTie downward arrows: the lengthening of the /tense/ vowels cooipared to 
the /lax/ ones; the left-to-right arrows: the lengthening of the pre- 
/lenis/ stops coo^jared to the pre-/fortis/ ones. The units are millisec- 
onds or (in parentheses) per cent values. The letters I; and I stand for 
/tense/ and Aax/ vowels and the letters T and D for /fortis/ and /lenis/ 
stops, respectively. ' 



QiAKV 7. Groiq) Engl. CHART 8. Group S2. CHART Group S7. 
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consistent Jifferences in the SI paramster with regard to the /fbrtis/- 
/lenis/ distinction. Ona possible explanation to this discrepancy between 
the two positions could be that the consonant/vowel ratio is iiqwrtant 
for cueing the distinction in the word final position and that the dif- 
erences in the duration of the silent interval of the stop are •■nesded" 
to contribute to the differentiation of these ratios. In the cfss of word 
initial or wrd medial stops aspiration (which is laryngeally controlled) 
takes care of differentiating the tw5 categories, but in word final stops 
(especially when these are at the same tine utterance final or followed 
by other obstruents) aspiration cannot operate this way, at least not if 
aspiration is understood (following Kiia 1970) to be a delay in the onset 
of voicing of the following sonorant. It ii: conceivable, however, that 
>..piration could operate indirectly, i.e. tlax)ugh the friction that in- 
evitably acconipanies the release of aspirated stops, but then many utter- 
ance final stops are u:.released. Thus the function eljcvhers served by 
aspiration could in this position be taken up by the potentially available 
differences in closure duration. With regard to the physiological mechan- 
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isms involved it may already be pointed out th^t the rioted differences 
in the SI values of the tvo categories for group Bngt, have the iiqwrt- 
ant iuqplication that the /fortis/-/lenis/ distinction can at least in 
certain environments be produced by variations in the timing of supra- 
glottal articulations alone, i.e. without the participation of the lar- 
yro?. which for the native group seemed to be responsible for the real- 
ization of the distinction at least in the word medial position. This 
point will be further elibiJrated below. 

Hich the same observations are valid for the extent of voicing or 
EV in the word final position as in the other two positions. Thus group 
SI has the least and group S2 the most extensive voicing of the /lenes/, 
althougli the differences between the latter group and group Eng^. are neg- 
ligible in this respect. The absolute EV value is also naturally depend- 
ent on the value of the parameter SI. Kith regard to the. /fortes/ we see 
again that those of group Engl, are conpletely voiceless while both Finn- 
ish groupis show occasional voicing. Although numerically small > these 
differences are ijiportant indices of differei.ces ift the production of 
these sounds, especially with regard to laryngeal activity. 

, Tfie mzct oi ihe. ptace oi ptoduction, - The data on the word final 
stops have been reorganized in Tables 49-51 (the /fortes/) and 52-54 (tiie 
/lenes/) to bring out the influence of place of articulation on the rel- 
evant parameters. As these data cannot as yet be used to explain the 
/fortis/-/lenis/ difference they will be published for the benefit of 
anyone interested in place differeiKcs peA 6e., without any coraaents from 
ti^ writer. In Chart 10 below all and only the statistically significant 
trends observed in the parameter SI of the material have been tabulated 
for Ciich group. Only the diAejctlon of the order of magnitude is shown, a 
ajinaa indicating that the tw phonemes separated by it do not differ from 
each other statistically with respect to the parameter SI. 



OlART 10. The order of magnitude of 

Group The word final /fortes/ 

Hiigi. /p/ > /k/ > /t/ 

^2 /P/ > /t/, /k/ 

SI /p/ > /yj 



the SI of the word final stops 

The word final /lenes/ 

/b/ > /g/ > /d/ 
/b/ > /d/, /g/ 
/b/ > /d/ 
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Tables 49-5L TTie effect of te place features /labial/, /alveolar/ and /velar/ on the parasBters VD, Si and 
Eifof thewrdfinai /fortes/. * 



Table 49. Group E«ji, 
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Table 50. Group SZ. 
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Tables 52-54; The effect of the place features /latial/, /alveolar/ and /velar/ on the paraiiieters 1/D, Sl^ 
EV of the word final /lenes/, 

'Table 52.: Group Eng^^ 
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A SURVEY 
L A T E S OF 



OF THE PHYSIOLOGICALCORRE- 
THE FORTIS/LENIS D I'S T I N C T I 0 N 



GENERAL CXifiSIDERATlCffiS 

The physiological linvestigation of the /ptk/-/bdg/ distinction has, 
at least to a great extent, been pron^ted by the current goal of phonetic 
research to find, at some level of speech production above that of acous- 
tics, context-independent, invariant correlates of the linguistically rel- 
evant units, the distinctive features. Thus it is believed that in spite 
of the largely context-dependent acoustic output variation, the distinc- 
tive features would at some higher level always be represented by invari- 
ant imits, and that the great variations in the acoustic output foims would 
be the result of autanatic peripheral constraints, mechanical, aerodynamic 
and otherwise. So far the results of trying to find the physiological level 
corresponding to the linguistic one in a one-to-one relation, with each 
distinctive feature always represented in the same -way, have been negative; 
at least nothing like conclusive findings have been obtained (for a recent 
stBnnary of various motor control mechanisms the reader is adviced to 
Lindblom (1974) and the references therein). It may be T>oted in this con- 
text that descriptive labels such a.s yoZceZu6~voZcejd, ^o^ttc4--te)tw, teiuc- 
lax etc. sometimes isnply the existence of such a level (although the labels 
/fortis/ and /lenis/ used in this study are not meant to make any a pUjDnJi 
claims about the realizations of the sounds in concrete utterances). 

According to the widely accepted myoelastic theory of phonation vocal 
cord vibration takes place roughly in the following way; in preparation of 
speech, the vocal cords are pulled together to a position appropriate for 
voicing, just prior to the initiation of speech (see for example Ladefbged: 
1973: 73-83). Then, provided that the air flow through the glottis is suf- 
ficiently strong, the Bernoulli effect will cause the vocal cords to vibrate 
spontaneously, without any further innervation of the larynx musculature. 
Thus, with some amount of siiiqplification, we can say that two conditions are 
necessary for voicing to occur in speech, namely the appropriate positioning 
of the vocal cords dnd a sufficiently free passage of air through the vocal 
tract. In sonorants, which have a relatively free passage of air, either 
through the mouth or the nose, or both, the air flow across the glottis is 
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nomally sufficient for the Bernoulli effect to take care of voicing, and 
it is a well-known fact that the sonorants are in the overwhelming major- 
ity of cases fully voiced. In the production of obstruents, on the other 
hand, the situation is different. They are produced with a radical hin- 
drance to the air flow and consequently the pressure drop across the glot- 
tis (i.e. the difference between subglottal and supraglottal or intraoral 
air pressures soon diminishes during the occlusion so. as to render sponta- 
neous vocal cord oscillation inpossible. In other words, during the pro- 
duction of obstruents one of the prerequisites of voicing, namely the 
free passage of air, is absent, as due to the levelling of the air press- 
ures below and above the glottis the air flow will rapidly slow down and 
eventually stop altogether. Thus the rayoelastic (or "tonic", see e.g. 
Gimson 1966: 8) theory of phonation, in its si2i?)lest form, predicts that, 
given the glottal configuration proper for speech, voiceless stretches 
of the speech wave are conditioned and caused by radical constrictions 
in the upper articulatory tract. 

In accordance with the above theoretical considerations (>*dch will 
be discussed in more detail below) one of the aims of concrete research 
wcrk has been to find mechanisms that would help maintain voicing during 
the production of English /bdg/ which, according to the theory sketched 
above, would without any extra adjustments be nomally voiceless. On the 
other hand, the theory would not necessarily predict any such extra ad- 
justments for the production of /ptk/, but it would neither explain the 
strong aspiration usually accompanying English /ptk/, and therefore an- 
other goal of research has been to find the origin of the aspiration. The 
relations between these theoretical predictions and the phonetic properties 
of concrete sounds will be discussed more thoroughly in connection with 
the markedness theory below (in section The Fbrtis/Lenis Distinction and 
the Theory of Markedness) . 

Next, data found in the literature on the different physiological 
parameters supposedly responsible for the observable acoustic differences 
between the realizations of /ptk/ am! /bdg/ will be presented. 

SUBGLOTTAL* AIR PRESSURE 

According to Gimson (1966: 32), the /fortes/ are distinguished from 
the /lenes/ (in addition to voicing differences) by "fthe degree of breath 
and muscular effort involved in the articulation"; when the voice opposi- 



65 



-56 



tion (i.e. the difference between physically voiced and voiceless stops) 
is neutralized "the energy of articulation" becomes an inqwrtant factor. 
"Breath"can most probably be equated with subglottal pressure (i.e. the 
pressure of the air in the lungs), and the reasoning is very clear: aspir- . 
ation is defined by Gimson (1966: 146) as an interval of strongly expelled 
breath between the release of the occlusion and the onset of the following 
vowel, and it is not difficult to imagine that this strong expulsion should 
be caused by heightened subglottal pressure. A similar conception of aspir- 
ation is held and the same feature (i.e. heightened subglottal pressure) 
is invoked by Chomsky and Halle (1968: 326). Neat and elegant as the ex- 
planation may seem^ experimental evidence showing that the subglottal 
pressure is indeed higher for the /fortes/ is not available, and the rel- 
evant reports found in the literature all indicate that this feature is 
not used to signal the /ptk/-/bdg/ distinction. Thus for exaii?)le Netsell 
(1969), using three speakers of American English as subjects, has taken 
simultaneous recordings of subglottal and supraglottal (^intraoral) air 
pressures and comes to the conclusion that the respiratory system gener- 
ates an essentially invariant driving pressure with regard to the /fortis/- 
/lenis/ distinction. Without going into umrelevant details, it may be pointed 
out that similar results have been obtained for exaiiq)le by Ladefoged (1967), 
Lieberman (1967), Slis (1970) and Shipp (1973). Thus there are strong grounds 
for concluding that the origin of the differences connected with the dis- 
tinction is not due to the activity of the lungs. 



SSPRACWHAL (INTRAORAL) AIR PRESSURE 

The measurements of intraoral air pre;^E?.!ar:!? .show invariably higher 
values for /ptk/ than for /bdg/ (see for instijxce ^faL^^t 1968; Netsell 
1969; Lubker and Parris 1969; Lisker 1970; Slis 1970; Shipp 1973). Disre- 
garding any differences in the glottal state between /ptk/ and /bdg/ it 
could be i-iypothcsized that the observed differences were due to the (ac- 
tive) enaargeroent of ^he oropharyngeal cavity during the occlusion of /bdg/ 
(for discission and aata see pp.57-60 below) >^ch,cete^ pcuUim, would 
result in a higher intraoral air pressure in /ptk/ as in their production 
no such increase in the volume of the oropharyngeal cavity takes place. 
However, the observed differences are far too great to be explainable by 
such an enlargement only, although it inevitably contributes its own share 
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to the difference. By far the most iirportant reason for the pressure dif- 
ferences is the operation of the glottis. In /ptk/ the glottis is vdde 
open (for discussion and data see pp. 60-62 below) whereas in /bdg/ it 
is in the position appropriate for voicing, i.e. the vocal cords are close 
to each other (see for exan?)le Ladefoged 1973) . In /ptk/, due to the ab- 
duction of the vocal cords, the passage from the lungs to the mouth be- 
comes instantaneously open and the intraoral air pressure soon becomes 
approximately equal to the pressure in the lungs which of necessity is 
somewhat higher than the atinospherical one. In /bdg/, on the other hand, 
the glottis acts as a kind of valve, letting only small quantities of 
air pass into the mouth at a time (they may even be small enough to be 
effectively con5)ensatable by the active enlargement of the oropharyngeal ■ 
cavity), and the intraoral air pressure may not reach the level of the 
subglottal air pressure before the release of the closure. 

Thus, although a reliable index of the /ptk/-/bdg/ distinction, the 
intraoral air pressure is not an independent parameter but rather an 
automatic consequence of other, mainly laryngeal, parameters. 

MJSCUL\R TENSION 

Under this heading varioiis articulatory measures will be subsumed, 
all of them at least in part concerned with some aspect of the supra- 
glottal articulators. 

The second property, according to Gimson (1966; 32, 146), that dis- 
tinguishes /ptk/ from /bdg/ is the greater muscular effort in the pro- 
duction of the former. According to Jakobson, Fant and Halle (1955: 38) 
•'tense phonemes (e.g. /ptk/, K.S.) are articulated with greater distinct- 
ness and pressure than the corresponding lax phonemes. The muscular strain 
affects the tongue, the walls of the vocal tract and the glottis. The 
higher tension is associated with a greater deforaation of the entire 
vocal tract from its neutral position. This is in agreement with the fact 
that tense phonemes have a longer duration than their lax counterparts. 
The acoustic effects due to the greater and less rigidity of the walls 
remain open to question." (The glottis will be discussed in the next sec- 
tion; it may be noted here that the terms "tense" and "lax" are more often 
than not restricted to refer to supraglottal properties only.). As regards 
the possible tenseness of the upper vocal tract, the present writer fails 
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to see its (supposedly obvious) connection with a longer duration. IXiration 
should be regarded as a parameter independent of tenseness if the latter 
is understood to refer to different 4>toute>& of the musculature (a 4>taX^ 
being capable of existing varying lengths of time) . Incidentally, if the 
rigidity of the walls has no audible effects on the speech wave its effi- 
ciency in signalling the /ptk/-/bdg/ distinction is at least questionable. 

Mal^cot (1966) has studied the mechanical pressures exerted during 
stop occlusion in American English. According to his measurements there are 
no very significant differences between the two categories of stops in this 
respect. According to Lubker and Parris (1970: 625) the labial gesture for 
/p/ and /b/ is essentially rnonotypic, requiring no more forceful labial con- 
tact for one than for the other. Similarly Kent and Moll (1969: 1555) con- 
clude that homorganic stop and nasal consonants are produced with a coninon 
gesture of the constrictory articulator. 

B4G (electromyographic) measurements have also been perfoimed during 
the production of labial stops. Again Lubker and Parris (1970: 625) report 
of no consistent differences in B4G activity of the lips between /p/ and /b/. 
Instead, they emphasize that there is considerable between-subject variabil- 
ity with respect to the various pressure and measures. This probably 
explains the inconsistency observable between the results obtained in dif- 
ferent investigations. Thus Slis (1970; 1971), for example, has found that 
in Dutch (and this niay be another reason for the differences in the results) 
both the lip-dosing and lip-opening BfG activities were significantly higher 
for embedded /p/ than for /b/. With regard to the great between-subject 
variability reported by Lubker and Parris (1970) the present writer feels 
inclined to give less weight to the findings of Slis {yA)0 has one, occa- 
sionally two subjects against the eighteen of Lubker and Parris and the three 
of Kent and Moll). 

Perkell (1965) has conducted X-ray motion picture studies that indi- 
cate a greater pharyngeal cavity width during the articulation of /d/ as 
compared to /t/. This finding is interpreted by Perkell (and later by Chomsky 
and Halle 1968: 325) to imply that in the production of /t/ the walls of the 
vocal tract are rigid as a result of muscular tension (cf. the view of 
Jakobson, Fant and Halle discussed above), whereas during /d/ the walls are 
lax and able to expand to permit the increase in volume necessary for voicing 
to continue during the occlusion. Thus, according to Perkell, the expansion 
of the pharynx would occur passively, as a result of the vocal tract being 
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compliant. The plausibility of this interpretation will be criciied pres- 
ently- 

Kent and Nbll, using cinefluorographic films, found out that /bdg/ 
are characterized by a lower hyoid bone position and a gi'eater tongue- 
pharynx width than /ptk/ (Kent and >bll 1969: 1552). It v.as furtlier ascer- 
tained that there was an actual increase in the volvane of the supraglottal 
cavities during /bdg/, whereas there were smaller increases, no increases 
at all or a slight reduction in cavity size during /ptk/. However, the 
authors prefer the explanation that pharyngeal expansion during the voicetj 
stops could occur as the result of an active mechanism (p. 1554). They 
point out that the changes in vocal tract con^liance proposed by Perlcell 
are not very lilcely In view of the fact that the intraoral pressure is 
everywhere reported to be higher for /ptlc/ than f« ; /bdg/ (for data see 
PP» 56-57 above). With regard to the intraoral prudsure alone, then, one 
would rather expect the pharynx walls to be wider apart and the orophar- 
yngeal cavity volume to be larger in /ptk/ and net in /bdg/ as the intra- 
oral pressure is much higher in the first series- At the same time, the 
tensing of the cavity walls during the occlusion of /ptk/ resulting in 
a smaller volume of the oropharyngeal cavity would have to be so strong 
as to offset the expanding influence of the higher intraoral pressure. 
On whole Kent and ^bll interpret their data to offer further support 
for the primacy of glottal activity in making the /ptk/-/bdg/ contrast. 

The only reliable physiological difference between /ptk/ and /bdg/ 
so far discussed seems to be that in the latter a depression of the larynx 
occurs together with a depression of the hyoid bone, both of which cause 
a lengthening of the oropharyngeal cavity and a gradual increase in supra- 
glottal volume during the closure period. It is possible that these de- 
pressions depend on the activity of extrinsic laryngeal muscles (see livo- 
nen 1972: 45; and Kent and Moll 1969: 1554). It sems most likely tliat 
these irovcmcnts are caused by an active mechanism and it seems reasonable 
to identify thean as the something "extra" presiqpposed by the myoelastic > 
theory of phonation for the maintenance of fawurable conditions for voic- 
ing durinR the occlusion of voiced stops. 

IXiration of occlusion is another parameter that could be responsible * 
for the contrast. Hawever, no data available seem to indicate any consist- 
ent differences in this respect between the two sets (see for exairple Kent 
and Moll I%9; Lublcer and Parris 1969; Lisker 1972; Suen ;j><: Beddoes 1974). 
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It will be reineni)ered that similar results (although the measurements were 
not physiological) were also obtained in the present experiment for the 
native English group (see Table 23 on p. 29 above). 

LARYNGEAL ^€a^ANIM 

By now it seems to have been established beyond doubt that sose kind 
of opening activity of the glottis takes place during the occlusion phase 
of English /ptk/ in most environments, while no such opening takes place 
diiring the production of /bdg/ (see for exan5)le Lisker, Abramson, Cooper 
and Schvcy 1969; Sawashima, Abramson, Cooper and Lisker 1970; Lisker and 
Abramson 1971a, 1971b; Hirose and Gay 1972; Ladefoged 1973; Shipp 1973). 
It has been found that the opening of the glottis takes place especially 
in prestressed positions* iidiereas in unstressed positions such opening has 
not always been observed or it is weaker. In fact it is quite obvious that 
this glottal opening takes place whenever aspiration occurs, in other words 
that aspiration is controlled by the opening activity or abduction of the 
glottis. Lisker, Abramson, Cooper and Schvey (1969) and Sawashina, Abramson 
Cooper and Lisker (1970) have found out, using transilluBoination of the 
larynx in running speech by a fiberoptics system^ that tiiC opening of the 
glottis characterizing the production of /ptk/ is effected by controlling 
the arytenoid cartilages which are responsible for the opening and closing 
movements of the glottis. Similar observations for the voiceless, aspir- 
ated stops of languages other than English are also numerous, see for ex- 
ample Sawashima and Miyazaki (1973) and Sawashima anc? Miirai (1974) for 
Japanese, Kim (1970), Kaga^'a (1971) and Abbertcn (1972) for Korean, Slis 
(1970; 1971) for Dutch, and LiiKlqvist (1972) for Swedish. 

Kim (1970) has studied aspiration mainly using speakers o£ Korean as 
subjects but he clearly interprets his results to be valid for other lan- 
guages as well, and in fact he applies his theory of aspiration to explain 
certain phenomena of the English language. Aca rding to Kim, aspiration is 
a function of the size of the glottal opening at the time of the release 
of the oral closure of a stop. Tnas, the wider the glottis at the release 
of the oral closure, the longer the intervening period between the release 
and the onset of voicing, i.e., the longer the aspiration, assuming a con* 
stant rate for the closing movement of the glottis. Aspiration defined in 
this way can be equated with Lisker and Abramson's positive VOT values. 
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i.e. with a voicing lag. Ibwever, Kim's view of the control liny» mechanism 
of the glottal opening is slightly different from that of Lisker and 
Abramson. According to Kim (1970; 112), the instrucLic-.rS to close the 
glottis are assumed to be simiLiltaneous for all voiceless stops, differ- 
ent-aspiration lengths being due to different degrees of glottal opening. 
More specifically, stops would have different degrees of glottal opening 
(e.g. in different contexts) during their occlusion phases, and the in- 
structions to close the glottis for the following vowel would always take 
place at the same time (relative to the time of the release). The closing 
rate being constant for all stops (w^Jether it be spontaneous or active), 
different aspiration lengths would be due to differences in the size of 
the initial glottal opening. According to Lisker and Abramson, o^i the 
other hand, the timing of tr* instructions to clo^e the glottis is as- 
sumed to occur at different tijres according to the different aspiration 
lengths desired, and thus they emphasize the importance of the timing 
difference as a separate, independent physiological mechanism. 

Confirmation for Lisker and Abramson *s view comes from the electro- 
myographic (SC) studies of the intrinsic laryngeal muscles iri voicing 
control conducted by Hiro.v's and Gay (1972). They have studied tlie JSC 
activit>' of these muscles in the speech of two American English speaker^ 
and found that the posterior cricoaryte^^oid (PO%/ wuscle, an abductor 
causing the arytenoid cartilages (and consequently the vocal cords) to 
be separated, actively participat'-s in laiyng.eai adjustments, particu- 
larly fiOT the /ptk/-/Wg/ distinction. Accoriing to the i^?ithors (p. 1S8), 
there is a consistent increase in PCA actTvitv for /ptk/ regar^'less of 
phoneme environment, and no such activity >-or /Ldg/» It was further found 
that the intcrarytenoid (*W) muscle, an addUi::for causing the glottis .to 
close, had a higher activity during the vowel af^er a /fortis/ consonant 
than after a /lenis/ one. The authors state as an explanation that "since 
glottal width is larger during the articulation of a voiceless consonant 
than for a '/oiced consonant, it is reasonable to assume that the activity 
cf the INT^ '^ich is responsible for adduction of the vocal cords, should 
be greater i>i?t£r a voiceless consonant" (p. 1S9). Ti.e activity of the im' 
niiscle in both cases scans to indicate that the closing of the glottic 
does not wmallv occur passively, v^ich vould cause lag times of the 
order of 120 ;30 msec* (see Lieberman IPoTmO), bu'c as a result of an 
active mc-chanism, Further, the author!* conclude Cp, J61) that their dp,td 



71 



-62- 



support the existence o£ active nusoilar a;ntrol of glottal conf iguration 
rather than a mechjtnisjri where pre\railing glotta) -coriditions modify in dif- 
ferent wvs gestures crganizeu m the same way (i.e. gestures with siBul- 
taneous i!istrucEi.oiV'i)- In other wirds, their data '*w3uld suggest the 
ubiquity of ar* incepcndent timing control ir^hanisms" (ibid.)- 

Jn SUF^ tb*n, it seems that the must reliable differences correlating 
with the /fortis/-/lenis/ distir.ction are to be I'cund in the laryngeal 
events. Roughly, it seems that fiie extrijisic laryngeal inusc."^es are con- 
nected with tJ'.e production o^ /fcdg.\ ei-abling the prolonged transvjlottal 
flow necessary for voicing 'ay e:i7iarf^ing the oropharyngeal cavity, while 
activity of the intiinsic laiyngeal ntusculature is characteristic *'or the 
production of /ptk/, causing ar.Sive devoicing of these sounds. 

A SHORT DIGRESSION 

In this sectior a short excursion will be made back to soine problems 
left unresolved? in discussing the results of the experiment on pp. 37--^3 
above. There it was seen (Tables 39 and 44) that the order of magnitude 
of the release durations (RD) of the word medial /fortes/ and /lenes/ of 
group Engl, are different. It was also seen that the /lenes/ of different 
places of production have statistically significant differences in their 
votal durations (TD^S^-^-RD) wfiile no such differences can be observed for 
the /fortes/. Thirdly, significant differences exist between the places 
of pnxluction with regard to the silent interval (SI) of both categories. 
It was mentioned (on p. 41 above) that the explanation for these observa- 
tions is to be found in the tenqx)ral coordination between^ laryngeal and 
supraglottal activities, and now we are in a position better to understand 
the mechanisms involved. Below the data concerning the parameters SI, RD and 
TD of the word medial stops of group Bngl. are presented in a schematic 
form. The dimension from left to right is time, and the data are lined up 
so that the SI-RD borders are at the same point in time. The durations are 
not represented in their exact proportions. 

Consider-jFirst the fact that the release durations of the two categories 
have not the same order of magnitude with respect to place of production. 
This, the present writer wishes to argue, is because these measures include 
different phonetic segjnents in the two cases. In /ptk/, the release duration 
includes any friction created at the constriction plus the TOiceless interval 
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CHART 11, A schematic representation of the durations of SI, RD and TD 
of the word medial stops of gro^p EtigZ. The durations are not represented 
to scale. 
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due to aspiration, the latter being longer in extent and containing or 
••masking" the fonner. Thus the duration of the RD in the /fortes/ is 
solely dependent on aspiration. In /bdg/, on the other hand, the RD 
measure contains only the friction and pf>ssibly sane short delay in the 
onset of regular voicing in those cases where there has been a voice 
break during the occlusion (this occassional voic? break and the result- 
ant short delay in voice onset are pa66ive. responses of the phonatory 
system to loifavourable azAodynmic conditions and thus completely dif- 
ferent from aspl rv^tion which has its origin in the ac^ttue workings of 
the glottis). X f s quite possible that the frictional characteristics 
of the homorganic stops of both categories are the same, but being short 
in duration have been oveif'iiiii bv aspiration in the /fortes/. Further, 
there are no statistically sigrificar^t deviations among both categories 
of the Finnish groups from the order of ma^;nitude Of the RD duration 
observable in the /lenes/ of grour. EH^i;. , this further confirming th6 
view that these regularities reflect universal y^apfueLQiotffil] articu- 
latory constraints (like the occlusion durations of stops of different 
places of production which were similar fov tXl groups ci^\ both categories) 
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To see why Xits order of magnitude of the rellease durations of the 
/fortes/ is what it is ajid why there are do significant differences in 
the tx)tal durations of these sounds between diff<i;rent places of produc- 
lion .despite such differences in vhe /lenes/, we neea to rearrange the 
/fortes/ so that for each place of production the beginning of the si- 
lent interval is at the sanie point in time, in the way shown below. Let 
us In addition draw a steeply rising line, starting from the beginning 
of the silent iviterval, to represent the rapid abduction of the glottis 
away from its voicing position, and then C0iv;ect a descendii'^ line to 
represent the slower return of the glottis to the voicing position. 

From this scheme it can be seen that a similar glottal gesturs for 
each place of production resiilts in different aspiration lengths due to 
the differences in the durations of the supraglottal occlusions. Thir» 
single glottal gesture also explains the reciprocal ity of the SI ai^i RD 
measures of the /fortes/ mentioned on pp. 41 and 43. For the /lenes/ this 
glottal levelling of the different occlusion durations is of course not 
applicable. For lack of information about the durations of the silent 
intervals of the word initial stops it is not possible to atten5)t to ex- 
plain their different RD durations in the same way, although it seems 
reasonable enough that similar relations also obtain in that position. 



OiAKT 12. A schematic representation of the levelling effect of the glottal 
abduction gesture on the total durations TD ("SI+RD) of the word medial 
/fortes/. 
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WHAT IS ASPIRATION 

Aspiration is the wiceless interval between the release of a stop 
and the onset of voicing of the following sonorant. Al tough the exact 
nature of the controlling mechanisms of the opening and closing of the 
glottis is as yet unknown, it seems to have been establis',ied beyond doubt 
that the opening of the glottis in aspirated stops is a result of an ac- 
tive abduction gesture effected by the arytenoid cartilages. It seems 
equally well established that no such adjustments of the glottis are 
operative during the production of voiced stops. It was seen that no 
experimental validation has been found for the pos tula t ion of the fea- 
ture "heightened subglottal pressure" or the like and that the higher 
intraoral pressures connected with voiceless aspirated stops w»re the 
automatic result of the opening of the glotti:^. and not an independent 
dimension. Thus the "extra puff oi- air" traditionally connected with as- 
piration is not the cause of aspiration but rather its effect. As an 
example of traditional, empirically unmotivated view of aspiration ws 
can take the explanation offered by Sovijanri (1963: 41} who connects it 
with the speed at which the articulating organs move apart at the explo- 
sion phase of a stop consonant. Thus, according to Sovijarvi, the faster 
the explosion movement (the movement apart of the organs forming the 
occlusion), the greater the pressure of air in the cavities behind the 
occlusion, and further, the aspiration of a stop always presupposes a 
very quick explosion. This explanation, presupposes that the pressure of 
air behind the occlusion is at its maximum at the very beginning of the 
occlusion, starting then to decay. T^iis is hardly likely, for it is dif- 
ficult to imagine how the intraoral pressure could reach the maximum 
value at once, and in fact actual measurements rather show a steady rise 
in pressure during the occlusion phase (see for exairple Netsell 1969j 
Slis 1970; Shipp 1973). 

The greater intraoral air pressure normally accoji5)anying aspirated 
stops explains why they also normally have a stronger burst of friction 
at the release (it also motivates the term "burst" used in the classical 
studies of the Haskins group to include both friction and aspiration). 
When the occlusion is released there is for a short while a narxxw con- 
striction through which the high-pressure air escapes out into the open, 
and frictional noise is created- However, it is important that the two 
articulatory distinct but auditively often inextricable phenomena, aspir- 
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ation and friction, should be kept apart, otherwise important aspects of 
the production of stop consonants will be overlooked. Friction is pro- 
duced at the place of constriction (and its spectrum is different in dif- 
f erent places of production) , while aspiration is the result of a delay in 
voice onset at the glottis. ;\hether the absence of voice during aspiration 
is peA AC the most important cue for the perception of aspiration or whether 
concomitant properties such as friction at the explosion or the [h]-like 
friction often heard during the vciceless period also have some cue value 
is a question that can be settled only by conducting appropriate perceptual 
tests. The ijnportant point here is the fact that they are normally co- 
occurring facets of the sinne feature. 

Depending on the timing relations within supraglottal articulations 
and betiJeen supraglottal and glottal activities different stops will be 
produced. Consider for example the differences between the friction dur- 
ations of English /t/ and the Danish strongly affricated pre-stressed /t/. 
In both of these the total release durations (from release to voice onset) 
may be equal, despite the difference in the duration of the friction. If 
the notions of friction and aspiration were lu^^>ed together it would be 
impossible to describe differences of the above nature. 

At one end of the voicing continuum we find the stops in ^ch the 
vocal cord vibration continues throughout the occlusion phase. These stops 
can be said to be fully voiced. At the other end of the continuum are the 
stops in which the whole occlusion phase and maximal durations of the ad- 
joining segsaents are produced without vocal cord vibration. Trtftse stops 
can be said to be fully voiceless. The voicelessness of the stops extends 
to the adjoining segments in the form of aspiration. If the stop devoices 
the preceding vovel the tera ^'preaspiration" is used (in preaspirated stops 
the abduction of the glottis is anticipated during the pioducticaL of the 
preceding %wel). Lindqvist, for exaji9>le, reports (1972) of frsquent cases 
of preaspirated post-stressed /ptk/ in Swedish. Preaspiration is also known 
to occur in Gaelic and Icelai^ic.^In the case of the more frequent fom of 
aspiration the wicelessness of the stop extends to the following vowel (or 
more genera. to the follo\.ing sonorant). Between these extremes there 

^ The present writer saw also some traces of preaspiration in the mingograms 
of word medial /fortes/ by some of the native English subjects; however, these 
findings were not quantified. 
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are theoretically an infinite number of stops vdth different degrees of 
voicing. 

It was suggested on p, 50 above that aspiration may not be appli- 
cable as a cue in word final positions. It may be viorth while to dis- 
cuss this possibility again in the light of the physiological data pres- 
ented. Aspiration was defined as the voiceless interval between the re- 
lease of the stop and the onset of voicing of the following sonorant. 
For wrd final stops that are at the same time uttereance final aspir- 
ation wuld, according to definition, be inapplicable as nothing follows 
that could be devoiced'. If we expand the definition a little to make It 
include all of the consecpjences of glottal abduction we see that only 
the strong *'puff of air*' would conceivably be capable of acting as a cue 
in this position. Vford final /lenes/ in English being often vexy moder- 
ately voiced, the information load carried by the release burst of the 
final /fortes/ would be very great li no other signalling devices were 
employed. Additionally, it so happens that the word final /fortes/ are 
often very weakly released and experimental data (see for exanqjle Sawashima 
Abramson, Cooper and Lisker 1970) indicate that these stops are normally 
produced with no or very little opening of the glottis. In this light it 
is not strrprising that the duration of the preceding sonorant has assumed 
a cue function signalling the /fortis/-/lenis/* character of the stop. Ac- 
cording to this interpretation the lengthening of sonorants before woid 
final /lenes/ is not conditioned by the glottal nechanisras directly (for 
exangjle as the extra time needed by the glottis to assijree a position ap- 
propriate for voiced obstruents suggested for exait?)le by Chomsky and Halle 
C1968: 301) for no evidence for such g£o-tta£ readjustments for /bdg/ has 
been presented, instead, the results obtained by Raphael (1975) seem to 
indicate that the durational differences between vowels preceding voice- 
less and voiced word final consonants are primarily controlled physio- 
logically by motor coirmands to the muscles governing the articulators 
which are active in the formation of vowels), but rather indirectly, by 
the glottal mechanism* s failure to do its job in this particular position. 
(Naturally the above argumentation applies only to the extra lengthening 
observable in English and not to the minor lengthening observed in various 
languages, cf. p. 9 above.) 

So far no con5)rehensive, data-based account of the production of the 
English stops has appeared, something not very surprising in view of the 
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many conplexities involved. Perhaps the closest approximations to such 
accounts are the various phonetic feature systems proposed in the litera- 
ture, e.g. those of Jakobson, Fant and Halle (1955), ChDmsky and Halle 
(1968), Halle and Stevens (1971), and Ladefoged (1973). HoweVer, most of 
them are based on at least some amount of speculation, and later research 
has often been able to show that the mechanisms they have postidated either 
do not exist or work in a different way, as was occasionally seen above. 
Others, again, treat the English stops rather superficially (so for ex- 
ample Ladefoged 1973, which also contains a critical suivey of some other 
feature systems). Such criticism is also presented by Lisker and Abramson 
(1971a). 
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THE FORTIS/LENIS DISTINCTION 
AND THE THEORY OF MARKED NESS 



Let us briefly repeat the main tenets of the myoelastic theory of 
phonation (on which for exanple Chomsky and Halle's (1968) marking con- 
ventions for the 'Voice'* feature are based). According to the theory, 
two states of the vocal apparatus are favourable to the occurrence of 
voicing, namely an appropriate position of the vocal cords themselves 
and sufficient air flow through the glottis. Given these two conditions, 
voicing will occur spontaneously as a result of the Bernoulli effect. In 
obstruents the flow of air is severely impeded, and consequently they tend 
to be voiceless. Thus voiceless obstiuents are in an obvious sense more 
natural or easier to produce than voiced ones in vrfiich the vocai cord 
oscillation has to be "forced'*. 

If a language has no (phonological) /voicing/ distinction, it seems 
reasonable to assume that the stops of that language are nonnally voice- 
less. Further it seems reasonable to assume, in the words of Lisker and 
Abramson (1971b: 366) that **if a language is 'nonnal' in this way, then 
it seems reasonable to suppose that in fact a single glottal node, that 
of voicing, is maintained without significant change in utterances of 
that language, with shifts in mode resen'ed for para-linguistic effects. 
The absence of a distinctive voicing feature is then matched by the ab- 
sence of differential control of the larynx during speech." There is every 
reason to believe that Finnish is essentially such a language; this point 
will be given further attention in discussing the Finnish stops below. 

For languages with a /voicing/ distinction, such as English, the 
theory ijiqjlies that two distinct modes of stop formation are used by the 
speakers. The theory does not, contrary to Wiat Lisker and Abramson argue 
(1971b: 366), ijiply that languages with a /voicing/ opposition should be 
rare; instead, it just ijiplies that in such languages the /voiceless/ set 
is produced in the neutral mode vMle sanething *'extra** is needed for the 
/voiced/ set. In this respect the theoretical reasoning of Chomsky and 
Halle (1968: 500-301) can be considered quite accurate, although they part- 
ly rely on features not operative in the distinction (e.g. the heightened 
subglottal air pressure). In discussing above the two modes of stop pro- 
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duction presupposed by the theory the term "two modes" was purposely used 
instead of the tenn ''two glottal modes" used by Lisker and Abramson as the ' 
myoelastic theory does not in any way in^ly that the differences between 
the productions of voiced and voiceless stops should be locatable to the 
glottis (and in fact it was seen earlier that for English /bdg/, at least, 
the adjustments necessary for prolonged voicing took place in the foim of 
a depression of the hyoid bone and the larynx v^ile no adjustments have 
been found to take place in the glottis). 

In Chomsky and Halle's (1968: 400-435) terminology, the /voiceless/ 
stops, produced in the "neutral" mode, would correspond to the /unmarked/ 
members of the opposition, whereas the /voiced/ stops, produced with the 
extra mechanism to maintain voicing during occlusion would correspond to 
the /marked/ mcHd?ers of the opposition. However, the eii?)irical data avail- 
able do not seem to fit very neatly into this theoretical framework. F6r 
/bdg/ there is no discrepancy, as we have seen, for the depression of the 
hyoid bone and the larynx can be identified as the special adjustments 
presupposed by the theory. But /ptk/ are far from being produced in a neu- 
tral mode as predicted, it is rather in their production that a "glottal" 
mode is eiqjloyed, in the form of the glottal abduction gesture. The data 
are there on the one hand, and yet we do not feel ten^Jted to discard as 
false the predictions of the myoelastic theory and of the markedness theory 
which is based on the observation of the regularities of himian language. 

To get a voider view of the situation let us make a small conparison 
between different languages. Let us consider for a moment the phonetic qual- 
ity of the stops of a few other languages in which a similar phonological 
opposition between two stops has been postulated. In languages such as 
French or Russian the x-oicing of the /voiced/ set of stops is much nore 
extensive than that of English /bdg/; in these languages voicing usually 
continues throughout the occlusion, also in word initial and final posi-v 
tions. At the same time, the /voiceless/ stops of these stops show almost 
no traces of aspiration regardless of their position in the word. In com- 
parison of both sets, then, we see that both sets of English stops are 
shifted towards the unvoiced end of the continuum conpared to the Frer.ch 
and Russian counterparts. It can at least be hypothesized, for the sake of 
argument, that the distances on the voicing continuum between the two sets 
are in each language equal. In Chinese, on the other hand, the /voiced/ 
set is normally voiceless and unaspirated, the /voiceless/ set being strongly 
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aspirated. Thiis both Chinese sets are further to the voiceless end than 
their English counterparts, respectively. Again we can hypothesize that 
the separation of the twD categories in Chinese is the same as in the 
other languages mentioned. 

The conclusion to be drawn from the above aaqwsition is that lan- 
guages often use sanewhat different means to signal a given phonological 
distinction. In this concrete case the languages in question ocaxpy dif- 
ferent positions on the voicing continuum, relying at the same tijne on 
minimal effort to produce sufficient separation of the two categories, 
also this very typical of human language. If languages would strive after 
maximal distinctness even at the cost of greater effort we could expect 
stops like the realizations of French /bdg/ and /ptk/ of Chinese to be 
used in the same language when, of course, the separation of the cat- 
egories would be close to maximal. Below the relations between the stops 
of the languages discussed are presented schematically. 



CHART 13. A schematic representation of the stops of English (El, French- 
and Russian (R) and Chinese (C). The units used on the two phonemic levels 
are arbitrary. 
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( On the basis of the above scheme it seems that, depending on the lan- 
; guage, the stops of either one or the other category danand greater effort 
on the part of the speaker. Thus, for exaiq)le, it seems that the /bdg/ of 
French and Russian are in some way more difficult to produce (i.e. demand- 
ing more special adjustments) than the /bdg/ of Chinese, while the /ptk/ 
of the former languages are *'easy" conqjared to those qf the latter. 

Assuming that the above scheme contained actual data it is difficult 
to see how they could be reconciled with the markedness theory without vi- 
olating one of its basic principles, namely the applicability of the mark- 
ing conventions in the same way to all languages of the world. If the claim 
for the universality of the marking conventions were discarded one possible 
way of handling the situation would be to study all languages with such an 
opposition separately to assess for each language which of the sets needs 
more "effort" and then define that set as the /marked/ one for that lan- 
guage. And even more difficult problem is posed by languages with a ternary 
opposition of the voicing continutjm, such as Korean. The kind of procedure 
mentioned atove would correspond closely to demands for phonetic realism 
in phonological descriptions, a realism which is not present in the above 
scheme. However, the abandonment of the universality principle would shake 
the very foundations of the markedness theory. 

Another possibility might be to make ad koc rules for the languages 
that deviate from the general trend. (It is to be noted that at present 
"the common trend" is taken to be the one predicted by the myoelastic theory 
of phonation; another way of finding the "natural" category of stops would 
be to conduct an actual survey of the languages of the world to get stat- 
istical information about the frequency of occurrence of different stops. 
Of course it is quite possible, although perhaps not necessary, that the 
predictions of the theory would be validated by such a procedure.) In view 
of these difficulties it is not surprising that Chomsky and Halle say next 
to nothing about the marking conventions of the voicing feature. 

Taken the phonetic quality of English /bdg/ for granted, we could 
"explain" the or/ hoc nature of the extra adjustments connected with the 
production of /ptk/ as a necessity to avoid phonetic overlapping of the 
stops of the two categories. But how would we explain the phonetic quality 
of /bdg/? As a result of an ad -hoc historical sound change? 



82 



T H £ PROBLEMS C A U S E-D BY THE 
ENGLISHFORTIS/LENIS DISTINC- 
TION TOSPEAKERSOF FINNISH 



TI!E HNNISH STOPS 



VhonotoglcxLt con6<deAjCutu3n&. — According to taxonoraic description 
there are four stop phonenes in Finnish, namely /ptM/ (see Karlsson 1969 
for a detailed discussion). The marginal status of /d/ is refl.-JCted, anong 
other things, by its limited distribution (certain word medial positions), 
by its nonoccurrence in many dialects and by the fact that in some further 
dialects it is often realized as a flap rather than * stop* Neither is it, 
in a generative description, incltided anong the Finnish lexical consonant 
segments, and its surface representations are the r:-oduct of moiphologicai 
rules (Karlsson 1971: 32). If we accept the vie^ (e-'cpressed for example by 
Karlsscn 1969: 358) that /d/ is isolated and <:nat there is no stop corre- 
lation in Finnish, it is possible to regard Finnish as a language with ba- 
sically one series of stops, all /unmarked/ for voice (see below for the 
phon^-tic differences betv-'een (Standard Finnish) /t/ and /d/). 

A pkon&tic ducJ^jiptioti. — The kind of experimental data on the Firoiish 
stops relevarit here is very scanty, we have to rely on scHne occasional 
observations mentioned in the literature, on theoretical reasoning and on 
the indirect information obtainable on the basis of the results of the 
present report. 

According to Sovijarvi (1963: 47), /d/ differs articulatorily from 
ft/ in the followijig ways: its place of production is more retracted, it 
is voiced and media, and the larynx is lowered during its production. It 
is not clear v^t the feature "media'* is supposed to contribute to the pho- 
netic quality of /d/. The difference in place of articulation is also men- 
tioned by Wiik (1965: iM), as well as the shorter duration of /d/ against 
that of /t/. Lehtonen's (1970: 71) measuttanents, despite the fact that he 
has calculated the total durations (i.e. silent interval plus possible rt-: 
lease duration) of Finnish plosives, corifinn that the occlusion of /d/ is 
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much shorter than that p!f /t/. '\hese findings soem to indicate that the 
/t/-/d/ distinction in Fimish is signalled by parameters different from 
those used in Efiglish (for <v'.^]5)le, it. will be remembered from above that 
no significant differences in the durations of the occlusions of English 
word medial /t/ and /d/ have been observed). In fact Wiilc (1965: 24) men- 
tions the difference in F2 locus (resulting from a difference ?n the place 
of the occlusion) as the most inqwrtant distinctive feature of the /t/-/d/ 
opposition. 

As for the Finnish /pt -i; irvi (1963: 39) says that they are 
produced with an open glotr " ;.it i . is not clear on ytbat kind of data 
the contention is based. I: ^re are strong reasons for not accepting 

this view. In the first place, livonen's glottographic investigations (1975, 
and personal conmmication) show no appreciable differences with regard to 
glottal opening between the stops and sonorants, although they confirm that 
/d/ :.s voiced (the slight opening of the glottis during the fricatives ob- 
servable in livonen's data can be explained as a means of maintaining suf- 
ficient air flow for the generation of 'urbulence duriitg these sounds). 
The second contention against Sovijai\*i's view is based on the fact that 
the Finnish stops are normally unaspirated (see for example Lehtonen 1970- 
51) which indicates that the glottis could not be open to any significant 
extent at the tijne of the release. The third kind of evidence fwhich is 
connected with the second) derives from the fact that the Finnish /ptk/ 
often, especially medially between vowels, become partly or even fully voiced. 
This could not be possible if the vocal cords were not in the positiOi. ap- 
propriate for voicing, i.e. approximately closed (see for example Ladefoged 
1973: 73-76). If they are virtually in this position during the occlusion 
then at least one of the conditions for spontaneous voicing is always ful- 
filled, and occasional voicing cf /ptk/ could be explained as a result of 
additional 5r>^ coexisting favourable aerodynamic conditions prevailing in 
the vocal tract, e.g. due to inconqjlete oral closures in rapid, infoxma.*". 
speech. Also livonen's glottograms mentioned above show that voicing in /ptk/ 
continues sons time after the beginning of the oral closure and starts again 
immediately after the release. This vould be highly unlikely if the glottis 
were open during the occlusion.* 

As a sunmary of the above disaission we can conclude that although both 
English and Finnish have a series of phonologically /voiceless/ stops the 
latter are not phonetically very good substitutes for the former. In fact 
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both series of Eig;.ish stops demand some kind of adjustments unfamiliar 
to tlie Finnish langL^ag'^, in which the only full series /ptk/ seem to be 
produced in a neutra.'; mode in which the voice characteristics of segments 
are conditioned by aerodynamic factors. In other words, the phonetic qual- 
ity of Finnish stops is somewhere between those of the two English sets. 

A Sl^WARY OF n-E LEARNING PROBLEMS 

Here the major differences found between the productions of the English 
stops by the thiee groups Bngl, , S2 and S/ will be briefly sunmarized and 
some of the physiological mechanisms involved discussed. Before doing thi.*3 
it may be pointed out that the differences due to place of production ob- 
sen'ed in the various parameters were generally similar for all groups and 
need not be mentioned here as they are not likely to cause problems to lan- 
guage learners although they have their iJiterest for the phonetician. There 
is, however, a single important exception, namely the word medial (inter- 
voralicj /d/ of both Finnish groups which has a considerably shorter silent 
iriter.-a* than their /t/. For the English group the silent intervals of 
these sounds are the same, i.e. different cues are used in English. 

Among the differences between the Fim'Ish and the English groups 
r el a table to the voicing dimension the following are the nost important: 
rather poor separation of the /fortis/ and /lenis/ categories by the less 
adv: "d group s/ with regard to the parameters EV (extent of voicing) and 
m (release duration) in the word initial and medial positions together with 
large standard deviations (s) indicating irregularities especially in the 
production of /bdg/; exaggeration of separation of the categories /fortis/ 
and /lenis/ by group S2 in all three positions exsjnined by excessive EV and 
RD durations (exceeding the **model** durations exhibited by the native Biglish 
group); and the occasionai partial voicing of the /fortes/ by the Finnish 
groups in all three positions examined against no voicing of the /fortes/ 
by ti'C: English group. ^ 

Conwon to the above mistakes made by the Finiush speakers is that they 
are caused by varying degrees of inability to shift away from the neutral 
mode of stop production. For /bdg/ this means that speakers of Firmish are 
unable to control properly the adjustments (r"obably effected by extrinsic 
laryngeal muscles) necessary for aiaintaining the appropriate transglottal 
air flow to get the right amount of voicing needed for English /bdg/ (the- 
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Finnish speakers had either too nuch or too little voicing). For /ptk/ 
the aistakes indicate that the Finnish speakers are not able to control 
the devo icing gesture Ceffected by intrinsic laryngeal ntiscles) necess- 
ary to secure the voicelessness of English /ptk/ Cthe glottis was open 
for too long during /ptk/ (group S2) or it vias in the voicing position 
during /ptk/ resulting in voice (both groups))- It is interesting in this 
connection to note that Hirvonen (1970: 80) remarks that "to learn the 
English rising intonation, then, the Finnish learner needs to acquire a 
nev mechanism for controlling his laryngeal vibrations/' For a detailed 
discussion on the interaction of pitch and voice features see Ladefoged 
(1975). 

The effect of the /fortis/-/lenis/ character of the vrord final stops 
on the duration of the preceding vowel is not controlled by laryngeal events. 
Here the mistake of the Finnish speakers was a total (group SI) or partial 
(group S2) failure to use the lengthening of the preceding vowel as a cue 
for the /lenis/ feature of the word final stop (see pp. 47-48). 

Conrjj 2d with the above variations of vowel durations are those caused 
by the /tense/-/lax/ (or /long/-/ short/) character of the vowel itself (at 
least fer a Finn in whose own language such variations are used tc signal 
different things). The mistake made here was the identification of the 
English / ten so /-/lax/ distinction with the partly siiiiilar d.stinction of 
/double/ and /s ingle/ vowels in Finnish and the resultant excessiVi : STigt'ier - 
ing of the /tense/ vowels conq^red to the /lax/ oner* {s*;e pp- 43-47) . 
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THE RDLE OF INSTRUMENTAL PHONETICS IN CONTRASTtVE ANALYSIS 

The experimental procedures and their results discussed above, although 
rather prelixainary in many ways, yet seem to justify and entphasize the ir 
povtance of concrete irist^jmental phoneric research as a complement to a 
phonological contrastive ar:rU:-5is of I'nfi native and target languages of tlie 
learner. Thus sooe of the systematic d: '-'ftirences in the productions of the 
relevant sounds by the native English and I'iimish informants were such 
that they could not have been predicted op. the basis of purely phonological 
considerations. Although not necessarily crucial to the success of com- 
munication, these differei.Jes should nevertheless be regarded as possible 
sources of misinterpretation. In real -life communication the listener uses 
ati the information available to him to decode a message, a fact that is 
in danger of beinc. irgotten if the terms used in phonology (e.g. "the 
minijual distinction'*, "the distinctive feature" etc.) are too straight- 
forvrardly translated onto the level of the actual processes taking place 
in speech production and perception. It is these actual processes that in- 
strui>ental phonetics purports to clarify. 

It has \ieen seen above that a single phonological, classifies to ry dis- 
tinctive opposition manifests itself physically in a number of ways, all 
con ti:bu ting their share to signal the distinction. At this concrete level 
it Is meaningless to talk about "distinctive*' and "redundant" features, or 
to ] -jan too heavily the dichotomy **phonemic mistakes" - **phonetic mis- 
ta}.ei>*\ First of all, although it seems evident that some kind of feature 
detection does rjike place in speech perception it is the same time equally 
evident that these detectors do not operate on units of the size of the 
distinctive features now in use in plwnology. Until more is known ^ out 
Ui? size and function of these units it seems advisable to regard every 
physical pararjeter as potentially jv/oable of being used by the listener in 
makLig decisions about the linguii/ content uf a message. And it is ob- 
vious that the listener makes his ^xisions on the basis of the sum of all 
perceptual cuts available rather tlian concentrating on just one of thd-n 
and discarding, the rest as "redundant** (5.e. as having no information value). 
We can picture speech recognition as a process where each perceptual fea- 
ture (whatever their size may be ) is given a scalar value indicating the 
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strength for its 'Vote" for /featiire X/, and the sum effect of all these 
"votes" of the feature detectors is then C';Kt!pared to other, non-auditory 
data avail::ble, such as higher-level redunu:incy and context. Only after 
all these conqjarisons have been perfonned has the message been decoded and 
the segments recognized. Thus we see that the recognition of sound segments 
is no simple yzj^-nc process suggested by the terms "phoneaiic" and "phonetic 
mistakes", and that the division of pronunciation errors (which we. very 
frequently make in speaking a foreign language) into on- of the classes 
is done by the hearer only partly on the basis of matters pertaining to the 
acoustic information and thus to the pronunciation by the speaker. Thus, 
depending on the force of higher-level redundancies and context we can rec- 
ognize a segmcrt right at one occasion, despite the "foreign accent" of the 
speaker (whc, we say, has made a "phonetic" pronunciation error), and rec- 
ognize a similar segment wrong in the absence of any other cues than the 
auditory ones at another occasion (when we say that the speaker has made a 
"phonemic" pronunciation error). The division of pronunciation errors into 
"phonemic" and '•phonetic" ones is done on the basis of a coiq)lex of coex- 
isted acoa^tic, linguistic aiid contextual cues, all affecting the decision 
of the hearer, and consequently the terms are no very good description: of 
the pronunciation of the speaker. The terms can be used, but only with an 
understanding thac their difference is scalar and relative rather than binary 
and absc^ .;te, and that they are measures of the behaviour of the hearer and 
n V of the speaker. 



A NOTE ON TRANSCRXPTiaV 

A conventional juxtaposition of the stop systems of English and Finnish 
(as for purposes of contrastive analysis) would in all. likelihood, look some- 
thing like the following (this is essentially the kind of practice followed 
for example in the studies in the Contrastive Structure Series, published by 
the University of Chicago Press under the general editorship of Charles A. 
Ferguson) : 

English 
labial alveolar 
voiceless /p/ /t/ 
voiced /b/ /d/ 



Finnish 

v^lar labial alveolar velar 

A/ /P/ /t/ /k/ 

/g/ g g (/d/) 
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Now what are some of the (intentional or unintentional) iJT5)lications 
of such a juxtaposition for someone not very well acquainted with the con- 
ventions of phonological descriptions (e.g. , an average language learner)? 
At least the following three are likely: 

a) both languages have voiceless stops 

b) only English has voiced stops (disregarding Finnish medial /d/) 

c) as a corollary of the above two points, English /ptk/ (and to a certain 
extent also /d/) are *'easy'* for Finnish speakers, while /bdg/ are "dif- 
ficult*'. 

Implication c) above is a result of "mixing the levels*', i.e. of 
translating dassificatory features to phonetic ones in too straightfor- 
ward a manner. A linguistic, however, knows (and the results of this study, 
among others, confirm) that the terms voiced and \>oIcqZz/>6 are used in 
tables like the above one in a more or less dassificatory function, i.e. 
to denote collectively those phonetic parameters that differentiate /ptk/ 
and /bdg/. The results of this study also show that both series of English 
stops cause difficulties to speakers of Finnish, and more specifically 
that the stops of group S/ (who presumably follow the rules of Finnish 
stop formation more closely than group 52) tend to scatter around values 
faetoeji those of /ptk/ and /bdg/ of group with regard to nost of 

the parameters. 

Rather, it is the existence in English and nonexistence in Finnish 
of a phonological opposition between the two series of stops that is the 
decisive factor here. The lack of such an opposition in Finnish means that 
the scope of variation produced and tolerated for the Finnish stops is very 
wide and that the phonetic quality of these sounds terids to approximate 
that of maximlly "neutral" (with respect to - voicing) or natural stops. 
The results obtained and the physiological survey show that neither series 
of English stops are similar to the Finnish ones, despite the fact that 
both Finnish /ptk/ and English /ptk/ are, in the generative-transformation- 
alist sense of the word (see for exaii?)le Chomsky-Halle 1968 and Ftostal 1968), 
/unmarked/ for voice. 

It ivould be possible to atte?i?)t to de\*\se a form of broad transcrip- 
tion chat would show the differences between the English and Finnish stops 
and at the same tiiae indicate explicitly the majo^ alloptoiic variations 
connected with the English /ptk/-/bdg/ distinction. Below a set of prin- 
ciples are given according to which such a transcriptioi* would deviate 
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from the usual phonemic one. They could be tested for their ability to 
convey to Finnish learners the major durational variations connected vdth 
: the distinction. At least they would have the advantage that their appear- 
ance in textbooks would force teachers to explain them and thus consider 
the durational variations. 

The suggestions are the following: 

a) in the positions where aspiration is operative in English /ptk/ (i.e. 
next to a primary-stressed vowel except in the word final position] they 
could be transcribed as [p^, t^, k^]. This would also emphasize to the 
Finnish learner their difference from Finnish /ptk/, 

b) elsewhere (i.e, word finally and next to non-primary-stressed vowels) 
no extra transcript would be used, these being the positions where they 

: least differ from Finnish /ptk/, 

c) as no transfer from Finnish takes place in the case of /bg/ and most 
cases of /d/ and as rather great variations with respect to the extent of 
voicing of these stops are both produced and tolerated in perception in 
English no extra transcript is suggested except in connection with word 
fLnal /bdg/, where they could be transcribed pb, 'd, 'g] to emphasize the 
lengthening effect on the preceding sonorant. 

d) the durational variations caused by the /ptk/-/bdg/ distijiction are in 
some cases inextricably interwDven with those caused by differences in vowel 
class, and therefore the suggestions pertain to vowels, too. Thus it is sug- 
gested that the "conv spending" /tense/ and /lax/ vowels should be represented 
by different letters (this is the convention used for example by Wiik 1965), 
the differences in the letter emphasizing differences in quality, the 
difference in duration being expressed by p] always following the /tense/ 
vowels (this is a slight modification of Wiik's suggestion). Below a few 
exaii?>les are given which show the effected of the suggested conventions on 

the transcription of some English words. 

ortography: 

bit bit beat bead pit tippet hat had 

broad transcription according to the above suggestions: 
[bit bl'd bi't bi:d p^It t\ht haet hae'dl 
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FUTURE DIRECTIONS 

To test at places weakly supported contentions presented in the lat- 
ter part of thi^ report detailed investigations of the physiological mech- 
anisms involved in th{? production of both Finnish and English stops should 
be undertaken. An attempt is also planned to be made to assess the per-^ 
ceptual or cue value of the acoustic differences between the /fortes/ and 
the /lenes/. This will happen in the fom of listening tests where the sub- 
jects respond to synthetically produced stimuli with systematically varied 
acoustic parameters ► In this way it may be possible to get valuable infor- 
mation about the differences betv^een native and Finnish speakers of English 
in the use of various acoustic parameters as cues in the recognition of the 
/ptk/-/bdg/ dir-tinction. At the same time, it is hoped, it will be possible 
to determine, at least to some dc ipree, interconnections between speech pro- 
duction and perception, i.e. to determiix* whether the effective use of a 
parameter as a cue in perception presupposes its active use in production, 
or vice versa. 
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APPENDIX A List of the test words read by the informants, 

pot goat goody 

tit peep bigger 

cot tape back 

bet keep backer 

dot deep bad 

get peak bag 

pop teak baggy 

top cake bat 

cop beak batter 

dip dark dab 

gap gawk dad 

pick paid dagger 

t ick t ide dappar 

kick card da:.*^ 

beck bird gr^. 

Dick deed yr-' 

pod gard 

Ted topper pt 

cod potter pfjd 

bed kicker paddy 

dead cobber pap 

god Toddy pat 

pub Peggy patty 

tub kipper tab 

cob Kitty tabby 

bob picker tad?, 

dub tubby tac'/y 

gob today ts/; 

pig P^S^y ta:p 

tug uippgT tat 

keg giater r tty 

beg Beoky cib 

dig bobby cibby 

gig giddy c;id 

part digger aiddy 

tight dapper cap 

CrJTt dotty cat 

Burt bir'' er catty 

dart dubber kicldy 
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APPEMDix B Figures 1-10, Sample raingograms with exaraples 
of thi' Segmentations made. 
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